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PREFACE. 



Into the following pages I have endeavored to distil all the excel- 
lences of the writers who have investigated the subject of Artificial 
AnsBsthesia. The practised expert will, therefore, everywhere recog- 
nize the quality of Perrin, of Snow, of Simpson, of Sansom, of An- 
stie, of TurnbuU, of Kappeler, and of Rottenstein. To this fine ether- 
eal essence I would fain have added something of substantial value, 
but the unyielding limits of the time within which my endeavors were 
necessarily restricted would permit no such gratification. For the 
consequent inequality and insufiiciency of a work performed without 
access to any library of importance, I must ask the forbearance of a 
generous profession. 

To my eminent colleague, Moses Gunn, Professor of Surgery in 
Kush Medical College, to the members of the surgical staff of the 
Cook County Hospital, and to my laboratory assistant, Mr. Edward 
P. Davis, my thanks are due for much practical assistance in the pro- 
secution of these studies. 

HENRY M. LYMAN. 

Chicago, III., May 10, 1881. 
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ANESTHETICS. 



niSTOBY OF ANESTHESIA. 

Fbou tlie earliest ages of aiititiuity mim lifl« conlinuidly Bought for tbo 
means of relief from pain. The most ancient record of the race introduces 
the hero of the flood plunged in a deep and scandalous sleep, under the 
influence of wiue which he had prepared. At the siege of Troy the Grecian 
eurgeona were skilled in the art of assuaging the [mins of injured men by 
the applicatiou of alcohol and carbonic acid to their wounda. Thus the 
venerable Nestor came to the relief of the wounded Mochaon with a medi- 
cated poultice composed of cheese, onions, and meal, mixed with the wine 
of Pramnoe. Other agents, still more potent, were known to the wise men 
and women of Egypt, and by them were transmitted to their friends in 
other lands. Some preparation of opium or of Indirtn hemp, it may have 
been, with which, after the ten years' siege was ended, beautiful Helen, 
onoe more in her lawful home, coming " out of the sweet-smelling, lofty- 
roofed chamber," dixive away sod memories from the minds of her husband 
and his friends, by making them drink of wine into which she cast a drug 
chosen from the " cunning and escellent " stock presented to her by the 
Egyptian princess Polydamna. Moat potent drug this same nepenthe must 
have been, for we ore told (Odyss., iv, 220 ei seg.), that it deUvered men 
from grief and wrath, and caused oblivion of every ilL 

It IB said (Casp. Hoffmann : Do Thorace, lib. iL, cap. rsix., Prancol, 
1C27, in fol, p. 77) that among the ancient Assyrians the pain of circum- 
ciaion woiS preventeil by compression of the veins in the neok during the 
time of operation. This was doubtless an ancient discovery of the possi- 
bility of producing temporary unconsciousnesa by prCHRiire upon the caro- 
tid arteries and pneuraogastric nerves, to which attention luw been again 
directed in modern times. 

The Chinese, also, in those remote ages, had learned the antesthetiR 
properties of an urticaceous plant which was probably related to the In- 
dian hemp, if it was not that plant itself. They used the drug for the pur- 
pose of blunting the sensibility of patients who were subjected to the oper- 
ation of acupuncture. 



AKTIFICIAL ANESTHESIA AND AWJWTIIKTICS. 

Thi-oughoiit the Eaat, from time immomorial, tLe virtuea of opium iUiJ 
of Indian hemp have been known. Tlie fertile plains of India then nur- 
tured the Boporiferous iwppj-— perhnpB less abundantly than they do under 
1 the stimulus of Britiali rule ; and the praises of bhang were everywhere 
I -whispered among the ueophytes iu the mjslic crew of astrologers, sooth- 
flayers, poets, and stoiy-tellera who filled so large a phico in orientnl life. 
Among the EgyiJtians the stupefying effects of carbonic acid gas wer« 
[ probably known. Pliny and Diosooridea describe a mineral brought from 
I ilemphis, which, when jjulverized and moistened with sour wine, possessed 
the power of rendering inHensible of pain those wounded jmris of the body 
I to which the mixture was apphed. Could tliis have been a calcareous car- 
bonate, some kind of marble, which thus yielded carlwuic a<!id gas wheu 
I moistened with an acid V 

' But, o( all the drugs that were known aa anaesthetics by the ancieuts, 

mandragoi-a seems to have kept the first place. Apoleius aud Dioscorides 
parficuiarly mention its power to produce insensibility and a loss of eon- 
I Bciousnesa lasting for several houi-s. It was used for this purpose by the 
I surgeons who flouriahed at the commencement of the Christian era, and its 
reputation continued until compaiutively modem times. For antesthetio 
I use mandragora was infused in wine, and the hquor thus prepared was 
known to the Greeks by the name of morion. Apuleius states that half an 
ounce of this preparation would render a person inaeusible even to the pain 
of an amputation. Dioscorides taught that the sleep thus produced might 
continue four hours or more ; hence, no doubt, various legends which were 
hy Shakespeare woven into the network of the story of Juliet The " wine 
mingled with myrrh " {Mark xv. 23) which was offered, according to the 
custom of the kind-hearted Jewish women of that day, to Jesus on the 
cross, but which he i-efused to drink, was unquestionably thin same mau- 
dragora wine ; for it was a common practice with pitj'ing souls to furnish 
this pain-deEying drug to those who were were about to suffer the hoiTors 
of crucifixion. 

The earliest reference to anesthesia by inhalation is contained in the 
works of Herodotus, who relates that the Scythians were accustomed to 
produce intoxication by inhaling tlie -vapors of a certain kintl of hemp. 
This was probably something closely aUied to bhang or Aas/tceaA. The 
Scythian practice may have been the origin of the method of ana^thetic 
inhalation which was in vogue with Theodoric, a celebrated surgeon of the 
school of Bologna, who was at the height of his I'eputation wheu Dante was 
-writing the Inferno. The Itahon surgeon taught the ancient art — trans- 
mitted from generation to generation, and by him lemiied from Hugo de 
Lucca — of preparing a soporific inhalant for the use of patients who were 
about to undergo o[)eration. The method consisted in causing the patient 
to breathe the vapors that were given ofl' from a sponge moistened with 
warm water, after it had been thoroughly steeped Jn a decoction of opium, 
deadly nightshade, hyosi^yamus, mandragora, hemlock, ivy, and lettuce. 
Sponges thus medicated were to be dried in the sunshine, and stored (or 
use aa occasion might require. After the conclusion of an operation the 
patient was aroused hy iidislations of vinegar apphed with a fresh sponge 
to the nostrils. If this expedient failed, the juices of rue might be poured 
into the ears of the too somnolent victim. Ti^aces of tliis last mode of medi- 
cation may lie found in the play of Hamlet. 

The heroic use of these powerful nai'cotics gnulually dijuinished as the 
, superstitions of the middle ages aud the ai-ts of the sorcerer fell into dis- 
h repute after the days of the Heformation of the Chm-ch in Oermany. Works 
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en (temonomania uud the ai't of luogic still recorded tlie Boporific edects of 
maudi^ora ; and even in the earlier part of tUe luat 061111117, Augustus, 
king of Poland, bo famous for hia atrent,'th aud for biH gallantry, uuderweiit 
amputation while insensible fiom the use of a narcotic di'ug ; but wlieii 
Saasard, a Paiiaian sui'geon, wrote, iii 1781, recomiueuding tbe administi'n- 
tioit of a narcotic before capital o[>ei'iitiona, he appears to have had in view 
the diiuinutioQ of shock, I'ather than ouy prospect of abolition of pain. 

A cui-ioua passage in an old volume ou uatuiiil magic, compoaed by 
Jean-Baptiate Peata, deaciibes the prepai-ation and administration of cer- 
tain volatile aubstnuces, of which the effects appear to have closely simu- 
lated the effects of ether. "These substances," wrote the author, "were 
converted into on essence which hud to lie kept in leaden vessels, hermetic- 
ally sealed, to prevent the escape of its volatile part. 'Without such pre- 
caution the remedy lost all its virtues. When I'equii-ed for use, the cork 
Traa removed, and the flask -was applied to the nostrils of the patient, who 
inhaled the volatile essence till his senses became, as it were, locked up iu 
a citadel, and bw-ied in a sleep so profound that only by the greatest vio- 
lence could be be aroused. After awaking fixim such ^eep there was 110 
unea^ness in the heiul, nor any recollection of what had taken place." In 
a little volume by the celebrated Albertus T^Iagnus (Liber de mirabilis 
inundi, 1555)— the learned professor of philosophy at Cologne, afterwai-d 
member of the Faculty of the University of Paris, finally archbishop of 
BatisboD, and teacher of the famous Thomas d'Aquinae (a.d. 1193 — 1280) — 
is given a formula for the preparation of a liquid, which he called ivjiia 
ardenii. Tliia "fire-wiiter " was obtained by distillation from a mixture of 
red wine, quick-lime, coiumou suit, tartar, and green figs. Such a pi'ocess 
would undoubtedly yield a very highly concentrated alcohol, perhaps 
charged with a certain trace of ether, which, when appbed to the nostrils, 
might Lave sufficed to produce ansesthesia, very much as it may now be 
produced by tbe inhalation of an impure sulpbui-ic ether. 

As the knowledge of physicians increased, tbe hai'dihood of their ex- 
periments with aniestbetic drugs diminished. Probably a certain number 
of the patients, who are said to have slept three or four days under the 
effects of narcotics, did actually fail tu awaken at the eiipected time. At 
any rate, tbe practice seems to have fallen out of use ; and at tbe close of 
the eighteenth century we find civilized sui-geons limiting theii" effoi-ts to 
tbe moderate use of opiates, with recourse in certain cases to the effects of 
intoiicntion with brandy. Refrigeration of tbe tissues with freezing mix- 
tures, and the phenomena of hypnotism, were occasionally employed for the 
relief of pain. Au Engbsh surgeon, named James Moore, xiubHshed, in 
1784, a tract entitled " A Method of Preventing or Diminishing Puin in 
Several Operations of Surgeiy." Tbe method consisted in tbe application 
of pressure, by means of properly adjusted clamps, to the trunks of tbe prin- 
cipal nerves leading to the members upon which operation was to be pcr- 
fonued. The obvious disadvantages of such a method were, however, so 
great that, after a number of trials by various sui'geons in England and in 
France, it passed into oblivion. 

Tbe very tardy progress thus for noted towonl the possession of a really 
antiBfactory method of producing artificial anaesthesia was evidently owing 
to the rudimentary condition of chemical science. The great advance iii 
tLis de]>art.meut of knowledge which was effected by the tabors of Scheele, 
XiiToisier, and Piiestley, dm-ing the latter haK of the last century, could 
not fail to increase the acqiiointauco of mankind with numerous agents jio- 
tent to motUfy the functions of the animal economy. As the pi-oi>ertieM of 
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newly discovered gases were stuctied, the hope nrose that among them might 
Ije found aomething valuable in the treatmeiit of pulmonary disease. In 
the year 1798, in the little Tillage of Clifton, near Bristol, in England, was 
founded a Pneumatic luntiliilUm, for the treatment of various diseases by in- 
halation of certain of the newly discovered gases. The originator of this 
scheme was Dr. Thomas Beddoes, a man of great natural ability and exten- 
sive acquirements, who, bom in 1760, graduated in medicine at Oxford, 
studied chemistry with Lavoisier, and then lectured on chemistry at Oxford 
until the j'ear 1792, when his sympathies vritb the French revolutionists led 
to his removal from the university. His attention had been at an early 
period of his life directed to the treatment of consumption, and he now de- 
voted hia leisure to the work of establishing an institution in which this 
disease might be treated by a pneumatic method. Through the liberality of 
tbe celebrated potter, Josiah "Wedgwood, be was at length enabled to retJize 
bis design ; but the practical results in the treatment of disease were by 
no means equal to his sanguine anticipations. But the final outcome of the 
institution was of the iitmost importance to mankind, for it gave to tbe 
world nitrous oside gas and Sir Humphry Davy. Requiring an assistant 
in the laboratory of his institution, Dr. Beddoes mode tiie acquaintance of 
a young medical student, who, though only nineteen years old, had already 
alarmed liis friends by the violence of the explosions which he had pro- 
duced in the garret where he pui'sued the study of chemistrj'. Assuming 
the charge of tbe new laboratory, young Davy immediately launched out 
uiKin that brilliant career which made hia name one of the moat famous in 
the annals of science. It was but a few months before he made the discov- 
ery of tlie iuto^cating effects of nitrous oxide gas {April 9, 1799). Had 
hia remarkable ability been less, tbe full knowledge of its aniesthetic prop- 
erties might possibly have long aDtedat«d its final consiunmation ; but 
in ISOl he was transferred from tbe humble sphere of a provincial hospital 
to tbe vastly wider field of scientific research that was opened by the foun- 
dation of the Eoyal Institution, in London, where his time was henceforth 
occupied with tbe work of original discover}', without any special reference 
to tbe medical and therapeutical relations of such work. The possibihties 
of the subject, however, did not escape his notice. He hod succeeded by 
its use in calming tbe pain that was caused by the eruption of a wisdom 
tootb, wbUe experimenting at Clifton, and he recorded bis opinion in tbe 
following words : " As nitrous oxide, in its extensive operation, seems capa- 
ble of destroying physical pain, it may probably be used with advantage in 
surgical operations in which no great e^sion of blood takes place." The 
essay which contained this most suggestive sentence was widely read, but 
no one seemed inclined to pursue the investigation to its legitimate con- 
clusion. His experiments were repeated all over the world, though with 
varying results, owing to the difBculties which then attended the purifica- 
tion and administration of the gas. The rubber bags which are now so in- 
valuable to the chemist were then unknown, and experimenters were obUgecl 
to content themselves vdtk the use of quantities of the gas so insignificant 
that an exhilarating effect was usually tbe only result of its inhalation. 
Sometimes, however, an inordinately susceptible individual would become 
insensible, or perhaps would be convulsed, during tbe act of inhalation, so 
that cautious physicians were not disposed to look vritb favor upon the use 
of the gas. As nitrous oxide thus seemed destined to be remembered only 
as one of the curiosities of the chemist, the properties of sulphuric ether 
became gradually known in an empirical way among young druggists and 
medical students. Employed by Dr. Fearsou, of Birmingham, in 1785, 
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means of relief for spasmodic aBtlima, it waa, no doubt, one of the sul>- 
fitaucGS of which the trial liad sugyeated to Dr. BeddoeB the idea of the 
Pneumatic Institution at Clifton. Dr. Warren, of Boston, made use of in- 
halations of ether, in the treatment of the later stages of consamx:)tion, as 
long ago OS the year 1805. In IHlH the JoujtuU of Scitmceand tite Arts, 
published at the Boyal Institution, iu Loudon, contained the following 
anonymous paragraph — since usually attributed to Faraday : " When the 
vapor of ether mL\ed with common iiir is inhaled, it pi-oduces effects very 
KiT iiilnF to those occasioned by uitrous oxide. . It is necessary to use 

caution iu making experiments of thi:i kind. By the imjirudent inspiration 
of ether a gentleman was thi-own into a veiy lethargic state, ■which continued 
with occasional periods of intermission for more thou thirty hours, and 
a gi-eat depression of spirits ; for many daj-a tlie pulse was so much low- 
ered that considerable fears were entei-tainod for his life." Here, again, 
ceiijun utifoi'tunate accidents were doubtless the cause of the iudifference 
to the properties of ether which continued to pi'evail among the members of 
the surgiwd profession for still another quarter of a century. The delight- 
ful eshilaration produced by inhalation of its vapor led to the increasing use 
of ether in an unprofessional way by young people, in various parts of tho 
world, when they desu-ed a respirable deliriant without the disreputable aa- 
fiociations which attach themselves to the use of alcoholic ilruiks. The 
physiologists also learned, by experiments on the lower animals, to Itnow 
eomething of the profoundly stupefying energy of ether. Orfila, E, C Bj-o- 
die, and Giacomiui, had all recorded observations of this character before the 
jeor 1&J9. In the second edition of his work " On Poisons," 1S3C, p. 804, 
Christisou related the case of a young man who had been rendered com- 
pletely insetisible by the vapors of etlier ; and there was also a disnial tradi- 
tion of some drug-ulerk or sho^)-boy who had fallen a victim to the stupefy- 
ing vapora which escaped from on accidentally broken bottle of the hquid. 

Occasional disasters like these, however, did not deter thoughtless young 
people from esbilarating themaelvea by inhalation of the seductive vapor. 
In die yetur 1839, a party of boys, iu Anderson, S. C, were thus amusing 
themselves, when in their escited mood they seized a negro boy, who 
was watching the antics of his betters, and by main foree compelled him 
to inhale the ether from a handkerchief which was held over his mouth 
and nose. At Urst his sti-uggles only added to the amusement of his cap- 
tors, but soon they ceased — the boy was unconscious, motionless, stertor- 
ous, evidently dying. Bub after im hour of consternation on the part of 
the spectators, he I'evived and was no worse for his alarming experieuce. 
Three years after this occurrence one of the actors in this t^air, a young 
man named Wilhite, entered the office of Dr. W. 0. Long, a physician who 
was then practising in the town of Jefferson, Jackson County, Go. The 
worthy doctor and liis pupils were in tho liabit of diversifying more se- 
rious occupations by the inhalation of ether, and during tlie course of 
this amusement he often observed that while thus excited he was quite 
insensible to the effecte of the blows and bruises which were sustained in 
this condition. Young Wilhite 's account of his experience with the negro 
boy, who had been uucouscious for an hour ^nthout injury, added coun^^e 
to Ida meditations, and in March, 1842, he persuaded a patient, from whose 
lieclc he was about to remove a tumor, to inhale ether, of which he had pre- 
viously become very fond, until quite insensible. The operation was Uieu 
performed without pain, and recovery followed without any accident This 
great event was thus simply recorded by Dr. Long in his lodger : 

" James Venahlo, 1842. Ether and excising tumor, %'2.W." 
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Throe montlis later, another tumor waa removed by tlie doctor, under 
Bimilar circumstoncea, from the same pntient. Thi-ee other patients were 
opernted upon with equal succesB, during the j-ears 1842 and 1843 ; but, 
as the region of countiy in which he lived was then, before the days of 
railwajB and telegraphs, so fiu- removed from contact witlithe great world, 
the wonderful discoveiy remained unknown beyond the circle of the imme- 
diate neighborhood until long after the properties of etlier liad been fully 
investigated elsewhei'e. 

In like manner, during the yeai- 1H39, a young student of chemistry, in 
the city of Rochester, N. Y., William E. Clarke by name, now a veteran 
physician in Chicago, was in the habit of entertaining liia companions with 
innnlationa of ether. Among tlie participants in these frolics ■was another 
young man, named William T. G. Morton, who afterward became a dentist. 
At the Berkshire Medical College, dming tlie winter of 1841-42, Clarke 
diligently propagated this convivial metliod among his fellow-students. 
£mboldened by these experiences, in January, 1842, having returned to 
Rochester, he administered ether, from a towel, to a young woman named 
Hobbie, and one of her teeth was then extracted without pain by a dentist 
named Elijah Pope. 

The nest step on the pathway of experiment was taken in Hartford, 
Conn., in December, 1844. A Dr. Colton, an itinerant lecturer on chem- 
iatiy, undertook to divert the citizens of that yenerable town by an exhibi- 
tion of the properfies of "laughing-gas." An ingenious dentist, named 
Horace Wells, wiis present, and made note of the fact that one of the 
men. who had fallen and liad considerably bruised hunaelf while under 
tlie influence of the gas, wiia quite oblivious of the fact of pain during the 
jjeriod of inhalation. Here was the very thing for which he had so often 
longed — an agent capable of annulling pain during the extaiction of teeth. 
He resolved that the experiment should be tiied upou himself, and next 
morning, after inhiiling a quantity of the gas prepared by Colton, one of 
his largest molai-s was extracted by his friend. Dr. Riggs. As conscious- 
ness returned, he exclaimed: "A now era in tooth-pulling! It did not hurt 
me more than tlie prick ot a pin 1 It is the greatest discovery ever made ! " 
Archimedes in his bath could not have been more elated. 

The two dentists, Wella and Rigga, immediately employed the new method 
in their practice, and in a few weeks had, without pain, extracted teeth from 
n dozen different patients. In only two or three instances was there any 
failm-e to produce complete aniesthesia. Wells then visiteil Boston, for tho 
purpose of introducing his discovery in that citj-. He proposed to tho 
celebrated surgeon. Dr. Warren, to exhibit hismethod by extracting a tooth 
from a patient in the surgical theatre of the Harvard Medical School. Tho 
offer was accepted. A large class of students were present as critical spec- 
tators of the event. The patient was introduced ; the inhaling-bag was 
applied to his face ; he seemed insensible, and the tooth was forced from 
his mouth. Alas ! The volume of gas had been insutficient, and a cry of 
pain in the arena was followed by a tumultuous storm of hisses upon the 
benches above. The doom of nitrous oxide gas had been pronounced be- 
yond ail manner of doubt. 

In the year 184fi, an enterprising dentist in the city of Boston, William 
T. G. Morton by name, was occupying his brain with the idea of painless 
dentistrj". The memoiy of his ex^jerience in the year 1839, nud his con- 
versation with apoUieeariee and chemists — notably with Dr. Charles Jack- 
son, an expert chemist — Ie<l him to experiment with ether by inhalation. 
On the evening of September 30, 184G, he put liimself to sleep with ether, 
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aoil wbcu he recovered consciousneBB lie found tlutt lie Lad been iusesai- 
ble for ciglit minuteB. This was tlie result for wliicli Le Lnd lioped, and 
tlie first patient who entered liis office, a boy minied Ebeu Frost, wiis per- 
auoded to undertake a i-epetition of the esperimeEt. Unconsciouanesw was 
again produced, a tooth waa extracted without pain, and the original ob- 
ject of bis deairea hiul been attained. But the more imix>rtaut question 
of the applicability of ether to the production of aniesthesia during the 
capital operations of surireiy remained without answer until Morton, like 
his predecessor Wells, proposed to administer the anesthetic to a patient 
selected by tlie surgeon, Dr. Warren, at the Massachuaetta Genenj Hos- 
pital Consent waa reatlily obtained, and on October 17, 184C, the at- 
tempt was mode in the old surgical theatre of the hospital. A patient with 
a venous tumor of the jaw wiiB etherized by Dr. Morton. Tlie tumor was 
removed by Dr. Warren without causiny pain, though the patient did not 
become completely insensible. Next day a woman with a fatty tumor on 
her arm was subjected to operation whUe under the influence of ether. 
This time the antesthesia waa perfect, and after one or two other similar 
experiments an amputation of Oie thigh was performed by Dr. Haj-ward, 
one of the surgeons of tlio hospital, upon a woman named Alice Mohan, 
who was etherized by Dr. Morton in the presence of a large number of 
spectators. From this date the success of antesthesia in surgery w.ofl placed 
beyond all doubt. 

The great discovery was immediately heralded throughout the civilized 
world, and was everywhere adopted with the utmost enthuaiasm. The 
news reached England on December 17, 184G. Two days afterward, 
'Mr. Itobinson, a dentist in London, introdnced the practice of extract- 
ing teeth from persona under the influence of ether, and on December 
21st the famous sui'geon. Hi-. Liston, oxierated upon his hospital pa- 
tients in the same manner. Molgaigne and Velpeau, in Paris, imme- 
diately introduced aniesthesia among their patients, and the method was 
generalized as ^t as the nieanrt of communication would permit. Dr. 
James Y. Simpson, of Edinburgh, at once conceived the idea of mitigating 
the pains of childbirth by the administration of the vapor of ether, which 
he lUd on January 19. 1847, and lua practice was ever^^vhere imitated 
with success. Duiing the same year the eminent physiologist, Flourens, 
addreaaed to the Academy of Scioncea a paper in which he related hia 
experiments with a hitliertu almost unknown substance — chloroform. 
The success of his attempts to produce auuesthesia with hydrochloric ether 
had induced liim to expei-imeut with cldoroForm, a substance chemically 
related to chlorio ether. He found that animals subjected to the vapor of 
chloroform became completely insensible during the most paitiful physi- 
ological experimenta upon the naked spinal cord and sensitive uer%e-root8. 
This observation patwed without notice outside of a narrow circle ; but 
during the year 1847, Mi'. Holmes Coote. who was at that time in the 
habit of assisting Sir William Ldiwreuce in his surgical operations, was one 
day, at St. Bartholomew's Hospital, relating the particulars of a recent 
operation for the removal of a cancerous breast, in the coui-se of which it 
hiid been found veiy difficult to induce anteatheaia on account of an ex- 
ceedingly harassing cough which waa excited by the inhahition of the vapor 
of ether. A surgical pupil who was present, Michael Cudmoro Fumell by 
name, remarked that he had discovcretl ii milder aiitesthetic than ether, tuid 
he begged Mi-. Coote to moke trial of chloroform, llie properties of thia 
substuico Furucll hud accidentally learned while a student under Dr. John 
Bell. • 
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The aniEBtlietic properties of ether bad just been announced, and this 
young man had exhibited such a passion for the article that his master, 
fearing some accident, gave strict orders that be ebould not be ullowed ac- 
cess to the ether-bottle. Hunting through the cellar of the shop, he was 
fortunate enough to discover a bottle labelled cblorio ether — the name by 
which chloroform was then known. The adventurous student immediately 
made trial of its contents, and succeeded in procuring on insensibility that 
was more agreeable than the an^eathesia which had followed the inhalation 
of ether. This was the discovery which he now announced at St. Barthol- 
omew's. Sir Wilham Lawrence and Mi-. Holmes Coote made a number of 
ti'iols of the new agent during the summer of 1847, and were so much 
pleased with its effects that they were about to undertake an exhaustive 
investigation of its properties when Simpson pubhshed the remarkable 
paper which introduced chloroform to the world. A Liverpool dmggiat, 
named Waldie, who had learned from Dr. Bell tJje properties of chloro- 
form, had advised Dr. Simpson to make trial of the article. Simpson was 
at that time experimenting most enthusiastically mth everytlung that 
seemed likely to produce autoalhesia, and be soon satistied himself of the 
advantages of chloroform. On November 10, 1847, be read before the 
Medico-Chirurgical Society of Edinburgh a paper in which were detailed 
the particulars of the successful administration of chloroform in not less 
than fifty cases of the most varied character. The agi-eeable qualities and 
the superior concentration of the new aniestbetic at once recommended 
it to general favor, and throughout Europe its use soon superseded the 
employment of ether. Unfortunately, however, this change was qurelflT 
followed by the occvirrence of death while under the influence of chloro^- 
form. The continuous repetition of such accidents stimulated the most 
extensive research and eitperi mentation with a large number of chemical 
compounds, of which the history and properties will hereafter be given in 
detail ; but nothing has yet been found to supplant ether and chloroform 
in the general estimation of mankind. Of these agents the first is still 
preferred in the country where its utihty was originally made known — the 
last is more highly valued in IHngland and lu Europe ; but the palm of 
safety must always remain with ether — the simplest, the surest, the safest 
of all the potent anaesthetic agents that are known among men. 



PHENOMENA OF AN^STHEaiA. 

The number of substances capable of producing ansesthesia is quite cou- 
eiderablo. Besides nitrous oxide gas, carbonic oxide and carbonic add 
gases will cause insensibility if inhaled. The vapor of carbonic disulpbide 
is endowed with analogous properties. But the majority of the volatile 
anicsthetics are either alcoholic or of alcoholic origin — each one of tlie I 
alcohols yielding an ether when treated witli an acid — so that the number l 
of homologous and collateral compounds is -very large. The analogies of 1 
their physiological effects ore correspondingly close, so that a descjiption 
of the action of ether or of chloi-oform conveys in general terms an accurate I 
idea of the characteristic phenomena that are common to all the agents ' 
this class. 

The first effect of an anisstbetic vapor of the alcohohc class is an im- 
pression upon the olfactory nerves. The sense of taste is also excited by 
contact of the vaporous particles with the ner^■es of the tongue and pharynx. 
Usually ithcre is a sensation of fLniity sweetness, due to the cbai-acteristie 
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pi-oi^ertics TChich tlie ancesthetic ether possesses in common with tbo vege- 
table ethers ivhich are produced in the process of rii^ening, and which con- 
tribute BO largely to the perfection of flavor in well-mellowed fruit. The 
nerves of common seuaation, derived from the lifth pair, also react, and 
sensations of coolness or of increasing heat may be perceived as a conse- 
quence of their disturbance. The action of the salivary glands is increased, 
and acts of swolloi^'ing are repeated. This insalivation is more noticeable 
during the inhalation of ether than when chloroform is employed. Some- 
times tlie imwonted contact of the vapor causes irritation of the laryngeal 
terminations of the pneumogostrio nerve, and the patientwill cough. This 
occurrence depends largely upon the natural neivoue excitability of the in- 
dividual, but also to a considerable extent upon the degree of abruptness 
^th which a highly concentrated vapor is introduced into the lungs. A 
feeling o( suffocation is sometimes experienced, and the patient starts up 
in an attitude of resistance, struggling to free himself fa-om the inhaling 
apparatus. Animals, confined in a retentive appai'atus, sometimes attempt 
to prevent the entrance of the amesthetic vapor by restricting their move- 
ments of respiration within the nan'owest possible limits. 

This first effeot of local contact is soon succeeded by the more extensive 
results of general saturation of the tissues with the stupefying agent. 
Penetrating every part of the air-cella of the lungs, it rapidly passes into 
the blood, and' is conveyed to every hving element of the body. Tha 
initial eflect is distui-bance of function ; the subsequent effect is paralysis 
of function. Disturbance usually assumes the form ot exaltation ; it is also 
always marked by perversion of the normal order of physiological sequences. 
The special eenaea give evidence of this t^jitation. There is a liumming 
sound in tlie ears, aud subjective impressious of light flash in vorj-lug forms 
across the visual field. General sensibility is also exalted. T)ie pulsations 
of the heart can be felt, and the vermicular movements of the intestines 
can sometimes be perceived. The arteries throb, the brain seethes, waves 
of heat flush the aur£:ice of the body, the skin grows warm, perspiration 
appears upon the Face, and sometiniea becomes general ; the pulse rises, 
respiration becomes accelerated, the pupils contract, the eyes dose, reflex 
irritabihty is exalted, and the patient resembles in hia genera] appearance 
a person iu the earher stages of alcoholic intoxication. To this period ol 
excitement succeeds the s^ge of diminiehing function. The sensibility ol 
the surface grows leas ; the tem[>erature falls ; the pulse, at first rising in 
volume andJ^te of movement, begins to recede toward the normal stand- 
ard ; the blood-pressure diminishes ; the movements of the respiration 
follow the same eourse, and finally become deep aud full like those of pro- 
found sleep ; volunttu'y movements cease ; consciousness gradually fails, 
reflex movemeutstu^ aboUshed ; and, itfter a period chai'acterized, perhaps, 
by less and less articular attempts at speech, the patient lies insensible and 
vrithout power of voluntary motion. If the action of the anfesthetio ia 
urged beyond this point, the palatal, buccal, and pharyngeal muscles vield, 
and respiration becomes stertorous ; the action of the heart is eufeeliled ; 
the countenance grows paUid ; respiration becomes iii'egular, or ceases 
altoj^ther, and death may ensue. 

The eSecta of anassthetic inhalation are to bo ti'oced most easily through 
their disturbance of the proceaaes of sensation, perception, volition, move- 
ment, respiration, circulation, secretion, and calorification. It will be con- 
venient to consider each one of theae classes by itseU. 

During the administration of the vai>or the eyes are generally closed j 
the eyelids often move as if winking. At fii-st the pupils are vaxudilft va. 
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tlieir diameter, as if oacillatiog bef:ween a condition of contraction oiid re- 
laxation of tlie sphincter muHcle. Wlieii ouieetheBia ia fully declared, the 
piipila nre contracted ; but if tbe condition of stupefaction is canied to an 
extreme degi-ee, the pupil dilates, and remains expanded till death occurs. 
During the period of complete iuaensibUity the eyeballs are often turned 
upward and inward, sometimes assuming the position of conjugated devia- 
tion. 

General sensibility is distui'bed at a very early staf^e of the anfestbetio 
process. After the brief period of initial exaltation is passed, cutaneous 
sensibility diminishes at a rapid rate. This diminution is first manifested 
upon the least sensible portions of the surface, such as the hack, the poste- 
rior surfaces of the limbs, and the scalp. Sensibility persists longer upon 
the anterior surfaces of the trunk, about the eyes, at the tips of the fingers 
and toea, and especially in the neighborhood of tlie anus and the organs of 
generation. It has been remarked that a larger consumption of the ances- 
thetic agent is required to produce a degree of iusensibihty sufficient for 
tbe tolerance of incision in those parts of the body than for any other pur- 

The initial cllccts of inhalation are manifested in the brain by a great 
exaltation of the power of perception and reasoning'. Ideas are quickened 
in their growth and succession. But, with a diminution of the powers of 
sensation, the sphere of vivid perception ia correspondingly narrowed. 
Consciousness remains perfect so long as it exists, but its field progressively 
contracts to a vanishing-point, around which seems to gather an atmos- 
phere of hidf-fonned and ever fainter perceptions. The powers of atten- 
tion, memory, reasoning, judgment, and voUtiou can be exercised with 
perfect precision so long as the formation of ideas persists ; but the pro- 
gressive movement toward severance of the brain from all contact with the 
external world, through the medium of the senses, becomes at length so 
complete that oousciouBneBS con deal only with ideas which originate within 
the bi-ain itself. In this condition the patient seems to dr^m, and the 
memory of these dreams may bo preserved after awaking. Sometimes 
all avenues of communication with the external world ma}' be closed but 
one — -usually the sense of hearing ; and the patient experiences a feeling 
as if separated from his body — as if occupying the position of an impassive 
spectator of the scene in which his material organization forms a constitu- 
ent paiii. In such instances volition has ceased ; perception, memorj', 
imagination, and consciousness alone i-emain. But, as the anft'Sthetic 
saturation of the tissues advances, these functionsalso lapse into the poten- 
tial state, and the patient passes into a condition of vegetative existence, 
with no more feeling or intelligence than the trunk of a tree. 

"When vohtion ceases, and the power of directing the current of ideas 
lias lapsed, the condition of the anuBsthetized person is closely analogous 
to that of one who dreams. The habitual characteiistics of the individual, 
the automatic activities of tlie cerebral organs, then manifest themselves, 
sometimes as a result of subjective incentives, sometimes under the influ- 
ence of external ii-rilants acting upon a nervous system which has not yet 
VfhoUy passed beyond the condition of exalted i-efles excit-abihty. The 
sailor will imagine himself upon the deck of his sliip, bellowing orders to 
the top-man iu a gale of wind. The rufBan thinks lumself in the hands of 
the police, and he curses and struggles furiously in his eflbrts to escape. 
The saintl}' woman folds her hands, and gently sinks to sleep with a prayer 
of resignation and faith upon her hps. Action is as varied as the actors, 
od the scene is never twice alike. 
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The effects of antestaetics upon the powM- of Tolition and voluntary mo- 
tion are somewhat Tariable. Children and adults of an impressible temper- 
nment are more easilj overcome than patients of a vigorous intellectual 
character. By an effort of the will the progress of aoEcsthesia may be de- 
layed, aud a mind trained in habits of introspection and analysis will retain 
consciousnesa longer than if less happily organized. A similar phenome- 
non is often remarked during the progi'ese toward alcoholic intoxication, 
when a sudden and powerful act of volition, exercised, perhaps, as the re- 
sult of some unexpected stimulus from without, sei-ves to restore the con- 
dition of sobriety. By such effort, and even without apparent effort, per- 
fect intelligence may often be maintained for a considerable period idter 
the loss of the power of percei\Tng painful sensations. The patient may bo 
conscious, intelligent, and capable of conversation, yet almost wholly insen- 
sible to pain, and, on recovery, quite oblivious of the passage of time and 
of the majority of incidents that have transpired. During the initial stage 
of anicflthesia the power of muscular movement is usually exaggerated. 
Such voluntary movements as may be put forth are performed with un- 
wonted vigor and celerity. The patient may rai#e his hand or move his 
foot without willing the act, j-et with perfect knowledge of what is done. 
The involuntary muscles exhibit tlie geuei-al disturbance with the greatest 
uniformity. The heai-t beats more rapidly, and sometimes more ^*iolently ; 
Uie temples throb, the movements of respiration are accelerated. Some- 
times, especially when ether is used, cough will be excited ; the [latieut 
vomits ', the bladder and the rectum may be evacuated. Convulsive phe- 
nomena sometimes appear ; they may be limited to insignificant fibrilhuy 
twitchinga of the facial muscles, or the patient may be shaken as if in an 
ague-fit. Kpilcptic patients may be roused by the auEcsthetic to the mniii- 
festatiou of a complete convulsion, from which they will pass into a condition 
of the most profound insensibihty, which is a combination of coma and on- 
ffisthesia. Sometimes the convulsive movement assumes the tonic form. 
This is stud to be more frequently witnessed imder the influence of chloro- 
form than when ether is employed. An arm, or a leg, half of the body, 
or even tiie entire frame, may become perfectly rigid, as if fixed in a tetanic 
spasm. Such conditions are not to be regarded with indifference, for they 
indicate a profound and dan;^ei'ous Implication of the most important ner- 
vous centres. This is especially the fact when tonic spasm invades any of 
the respiratory muscles. These convulsive and spasmodic movements must 
not be confounded with the simple reflex movements caused by the local 
irritant action of the ann^sthetio vapor when it first enters the respiratory 
passages : nor should they be mistaken for the half voluntary struggles 
with which the jiatieut sometimes strives to avoid inhalation during the pe- 
riod just before the estabhshment of unconsciousness. 

As tiie process of stupefaction advances, reflex action diminishes, the 
power of voluntary movement ceases, and the patient enters upon n condi- 
tion of perfect repose, in which the only movements that persist are those 
whioh sustain the functions of respiration, circulation, and lunconscious life. 
By careful groduotion of the anicsthetic dose, this condition may be maiu- 
tuned without danger for a considerable period of time. 

The function of respiration is very considerably disturbed during the 
progress of artificial aufesthesia. At first the respiratory movements are 
accelerated, even before the commencement of inhcdation, when the patient 
isagitated by nervous apprehensions. Aiistie furnishes tlie following tables, 
vhich exhibit the movements of the pulse aud of the lungs during the time 
occupied with the production of comjilete insensibility. 
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It thua appeal's that ether temls to quicken reapiratiou during the early 
tind middle atayes of tlie inductiou of aua^thesia, aud to depress its rate 
slightly below the jionuol when the stage of insensibility has been reached. 
Chloroform tranquillizea the initial agitation at an earher stage of the pro- 
cess, and produces the same final result during the period of imconscious- 

The ftbove-yuoted tables exhibit the general course of respiratory move- 
ment, but they do not represent the varintious which tiifi eometimes ob- 
served. These vaiiations depend, to a very considerable extent, upon the 
age, sex, temperament, and previous history of the individual, so that it is 
idinost impossible to include all cases in a genei-al description. In certain 
instances the respiratory movements succeed each other with the utmost 
irregularity— now &at, now alow, then ceasing altogether uatH asphyxia 
seems imminent. Such patients are aaid to tolerate the ansestbetic badly, 
and are more hable than othera to pass into a condition bordering on the 
convulsive state. In other instances there is not the sligbteat appearance 
of agitation ; the inspirations are purely diaphragmatic, or exceeduigly shal- 
low. The patient may be jjerfectly conscious, and capable of intelligent 
response when aildressed by the siu-geon, but he seems to have forgotten to 
breathe. From this condition of apnoea he may be aroused by the voice 
of the oi^erator telling him to breathe ; or, if intelhgence is too far gone for 
this, tiie respiratory act may be excited by a pinch or by sudden pressure 
upon the tliorax or abdomen. Fortunately, however, when the condition 
of general muscular relaxation ia reached, the movements of respiration 
become deep and regular. Though less frequent thtn during the waking 
state, they are more profound, so that they obviate all riak of asphyxia if 
the respiratory ]jassagea ai'e not mechimically obatructed. During this stage 
of ai-tiiicial anaesthesia the gaseous exchanges of the blood are modified to 
a certain extent. The exhalation of cai-bonic acid gas is increased during 
the period of excitement, and it is diminished in proportion to the approach 
and maintenance of tranquil aneestbeaia. For a considerable time niter the 
removal of the inlialer the expired air is charged with the aneeathetic vapor- 

The action of the heart con-esponds closely with the conditions of 
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reBpirntion. If the pntient breathea in an irregular, rapid, and convulflive 
.maimer, the movemenla of the heart -will vary accordinglj-. During the 
;occurrenceof tetoniform rigidity the pulse may become ftlmoat imperL'epti- 
.ble. When respiration la alow and feeble, tlie heart beats in a faint and 
sluggieh way. A^in, it may fniddenly start off at a vety rapid rate, only 
to sink suddenly into n condition approaching that of sj'ncope. Huvh ui~ 
ordinate fluctuations and rapid variationa should excite grave apprehen- 
HOns for the safety of the patient. 

The normal courae of the heart dui-ing the induction of anteatheaia 
has already been indicated by the obseiTntions of Anstie. At first the 
pulse is small and frequent, incrcoHiiig ita rate as respiration becomes ac- 
celerated, until the stage of muscular resolution is approached, when it be- 
gins to recede. The greatest average freq»iency noted in the table is 110.2 
pulsations in the minute, but it often largely exceeds this figure. As the 
stage of insensibility approaches, the ai-terial coats relax, the pulse grows 
softer, and may even seem to be quite feeble. When complete uncon- 
sciousness aupervenea, the volume of the pulae ia considerably enlarged, 
and its rate may fall below the normal standard. In these clumges it cor- 
responds with the altered mode of respiration, and during the period of 
complete anicsthesia a condition of 'equlbbrium is maintained, from which 
any sudden or oonsideinble departure should be observed with suspicion. 

As the pulse faUs the general circulation improves. The turgid veins 
collapse ; the cutaneous vessels resume their normal calibre. The face 
may even become pallid, and the mucous surfaces exchange their lively red 
for a fiiinter tinge. These conditions generally persist thi'oughout the 
entire period of anaesthesia. 

The terapei-ature of tlie body ia lowei-ed dming the time of onfostheBia. 
At the coranvencement of inhalation there is an increase of surface tem- 
perature, caused by the increased afflux of blood to the skin ; but, as tlie 
process advances, the liberation of heat diminishes, and the temperature of 
the body manifests a considerable fall This becomes more notable when 
chloroform is used than when ether is administered. 

The function of secretion is augmented by the first acts of inhalation- 
The flow of sahva increases, and perspiration may appear upon the fore- 
head. But as the stage of ailm is entered, all these fimctions are di- 
minished. It is only in the stage of extreme resolution tliat the surface of 
the body is moistened with a coUiquative sweat— the result of paralysis 
rather than of excitement of the mechaniam concerned in the production 
of perspii-ation. 

The length of the period during which the effects of an amesthetic may 
l>ersiat after the cessation of inhalation is somewhat variable. It usually 
continues three or four minutes after ether, and a httle longer after 
chloroform. Kecoveiy is almost immediate after nitrous oxide or ethylic 
bromide. When a condition of complete anffisthesia has been reaclietl, it 
is not difficult to maintain ita perfection by the continuous administration 
of relatively small quantities of the anscsthetic. In this way a patient may 
be kept in a tranquil sleep, during the most serious operation, for an inde- 
finite period of time. Operations continuing for au hour or more may 
thuB be conducted with perfect safety and freedom from all movement and 
pain. The contrary state, in which the patient continues to moan and cry 
— perhaps even from time to time resuming a feeble struggle with the at- 
tendants — is an evidence that the anaesthetic ia either not properly inhaled, 
or that tlie individiml is in an abnormal condition not wholly free from 
danger. The exercise of patience and perseverance, on the port of the as- 
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fiistiuit who boa been charged with tbe acbniniBtration of the anst 
will usually overcome the difficulty ; but there are pei-sons who are 
cially refractory. Drunkards, by reason of long practice in the use of a po- 
tent BJiieatbetic agent like alcohol, are often extremely difficult to over- 
come. Their tissues are accustomed to tbe action of a atupef j-ing substance, 
and have become tolerant of it.s effects. Great meutal agitation, sucb aa 
fear or excitement, may produce a temporary tolei-ance of the vapor. Oper- 
ations about tbe anus and genital organs also requu'e a longer time for the 
induction of a sufficiently profound unconsciousness. Women and chil- 
dren ai-e more speedily rendered insensible ; but, aa a general rule, with 
vigorous adult males a period of six to ten minutes is neceasai'y for the 
produutioQ of complete auiestbesia. Chloroform, being a more potent drug 
than ether, requires a little less time. 

Tbe I'ecovery from auEesthesia is usually more rapid than its induction, 
and the time necessary for tbe process is lai^ely dependent upon tbe 
length of time during which uuconsciousnesg has been maintained. The 
phenomena of recovei-y as a general thing consist in a regular inversion 
of the m an ife stations which mark the stages of induction. This orderly 
course niny, however, be gi-eally disturbed by tbe interference of tbe sur- 
geon, if the concluding acts of operation, sucb aa ligation of arteries and 
dressing of tbe wound, have been defen'ed till after tbe removal of tbe in- 
haling apparatus. 'When tbe patient has been pi-eviously exhausted by 
age, privation, cachexia, hemon'hage, or any cause of depression, the period 
of recovery may be gJ'eatly prolonged, and alarming symptoms of pi-oetra- 
tion may appeal'. After long and severe oijerations it may be verj- difficult, 
if not impossible, to decide between tbe effects of shock and of tbe anti- 
thetic agent. In all sucb cases, no doubt, the condition is the complex 
I'esult of tbe coincident effects of tbe injuiy and of tbe protracted use of 
the drug. Brief operations, on the contrary, seem to produce less depres- 
sion when the element of pain ia abolitihed. 
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A considerable number of the eai-Iier authors who interested tbemselvea 
in the subject of artificial ancesthesia have expressed tbe opinion that the 
insensibibty produced by etherization is the result of mechanical compres- 
sion of the brain. The vajwra of etber, or chloroform, or any other similar 
substance, according to tlieir opinions, possess sucli a degree of " ten- 
sion " that the blood, charged with them by tbe act of inhalation, produces 
actual compression of the brain analogous to the condition which obtains 
after effusion within the cranial cavity. This bj-potbesis may be speedily 
laid aside for numerous sufficient reasons derived from tbe facts of physics 
and of physiology. Etber and its congeners do not exist in a vai>orou8 con- 
dition within tbe body. They ai-e dissolved in tbe blood, and they exer- 
cise no more pressure than is exerted by tbe current of the blood itself. 
This pressure may even diminish as the phenomena of amesthesia are in- 
teu silled. 

Other observers have advanced tbe liypotbesis tliat Uie anesthetic state 
is really a condition of asphyxia. The majority of anaesthetic substances 
are rich in carbon ; and this carbon is supposed to act as a reducing agent 
upon the blood, depriving it of its oxygen, and thus asphyxiating tiie ner- 
vous tissues. But the chemical composition of tbe blood is not changed 
during aneesthesia in any way tliat is consistent with sucb a hypothesis. 
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The blood does not even exhibit the blackness that is so characteristic of 
asphysia. Its color is a dark brown ; its corpuscles may be slightly cou- 
trooted ajid crenelated, or they may present no risiblo alteration of shape 
and condition. This will depend largely upon the variona physical acci- 
dents to which freshly drawn blood may be exposed. In tljo living uliaa- 
sels of circulation it is not probable that any distinct uud detiuite change 
can 1)6 determined. It is well known that ether possesses the power to 
dissolve fatty substances, and thus to extract tliem from matters with which 
they have been incorporateil. Accjardingly, we find thnti after removal from 
the body, blood surcharged with ethereal vapors exhibits upon its surface 
a certain appreciable quantity of liquid fat. This may have some definite 
influence in the proiluction of that molecular paralysis which is the essen- 
tial physical cause of the phenomena of aiiii'stUesia. 

Pi-ot Walter H. Haines, of Eush Medical College, Chicago, has i-ecently re- 
called attention to the manner in which vai-ious substances, in the state of a 
gas or vapor, opemie by their contact to prevent the ordinary molecular 
combinations which would normally be effected in their absence. For ex- 
ample, if into a jar filled with seven parts of oxygen and one part of carbonic 
add gas, a lighted taper be introduced, the fiame will be immediately ex- 
tingiushed, exactly as if the jar hnd been filled with carbonic acid gas. 
Now, this extinction of the flame is not due to the absence of oxygen. There 
is abundaut presence of that element. But, In tlie presence of the carbonic 
acid gas, the ordinary process of oxidation which is essential to tlie constant 
activity of combustion is completely arrested. In like mnnticr, if a drop or 
two of sulphuric ether be introduced into a retort containing a strong so- 
lution of caustic potash and a few fragments of phosphorus, no visible reac- 
tion will take place in the atmosphere above the liquid, when heat isapplied 
to the apparatus. If this precaution be neglected, an explosive oxidation 
of the hydrogen phosphide may be expected as the goa is hberated from 
the water. The same arrest of oxidation may be effected by the inlroduo- 
tjon of small quantities of the vapor of naphtha, oil of turpentine, or nn- 
jnerous other kindred substances, into the enclosed space which contains the 
gaaeous hyilrogen phosphide. Now, it is not the absence of atmospheric 
oxygen which prevents the oxidation of phosphorus in this case, for that 
gas is present in quantities relatively very large when contrasted with the 
amount of ethereal vapor. Even more consj^icuoas to the eye is the very 
common experiment of placing a stick of phosphorus in a jar of atmos- 
pheric air in a darkened room. The visible glow of light which illuminates 
the space, as a consequence of a continuous slow oxidation of the jihosplioiiia, 
is at once extingiushed by the introduction of a drop of ether, or chloro- 
form, or any similar suhstimce, into the luminous jar. There can be no 
appreciable displacement of oxygen in this experiment, but the capacity of 
that gas for entering into stable combination with phosphorus seems to un- 
dergo a species of paralysis. As tlie ethereal vapor evaporates, the process 
of oxidation is renewed, and the phosphorus glows once more as perfectly 
OS at first. 

Vow, the t&ct to which attention should be directed in all these phenom- ^_ 

«na ia the circumstance that all the substances which are thus capable of ^H 
I arresting the process of oxidation, without taking the place of oxygen or ^H 

L even excluding its presence in any marked de^e, are suhstimces capable ^H 
ft of producing anusfJietic effects when brought into contact >vith hving tis- ^H 
H sues. Carbonic acid gas, carbon disulphide, hydrocyanic acid, oil of tur- ^H 
H pentine and its congeners, alcohol, ether, chloroform, and the numerous class ^H 
^^ of kindred compounds, are nil capable alike of arresting oxidation outside ^^^ 
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of tlie body and of producing auEeBtheBia within the body. Claude Bernard 
relates the details of a group of iDterasting esperimeDte ivhich eerve to ex- 
hibit the coiurounity of the action of anipsthetica upon the hving protoploam 
of vegetable tisBues ns well as Animal. The presence of a minute fungus 
in fermenting solutions that contain sugar hag long been known. Aa a 
concomitant of the process of fermentation, this fuugus grows and multi- 
plies, and elaborates an efficient amount of fei-ment hy wliich the chemical 
exchanges in the fluid are gi'eatly promoted. Now, if ether be added to the 
sacchariiio solution, all ferment action ceases. The sugar remains unde- 
composed ; the fungus no longer proliferates ; ferments are no more elab- 
orated ; the fluid remains as stable as common water. But this is not the 
result of death. The fungus is not dead, as would be the case bad the liquid 
been sterihzed by the action of an elevated temperature. The elements are 
merely asleep in the presence of an ansesthetic substance; and as soon aa 
the ether has been removed by cTOporatJon, or by filtration from the yeast, 
all the previous phenomena of active life are resumed. 

Tbut the phenomena which are most intimately associated with life are 
more easily modified by ansestbetic agents than the phenomena which are 
dependent upon simple chemical exchange, is clearly indicated by another 
observation of Claude Bernard relative to the conversion of cane-sugar into 
grape-sugar. This transformation is dei)endent upon another ferment 
than that which is peculiar to the yeast-fungus. When the fungus is put 
to sleep by the action of ether, the process of alcoholic fermentation ceases 
because the alcohohc ferment is rendered dormant with the plant that gives 
it birth. But the passage of cane-sugar into the form of grape-sugar is 
effected by the action of a soluble, chemical ferment which is not an organ- 
ized body like yeast. Upon this ferment ether seems to exercise very httle 
restraining influence, and the transforming process is continuous during 
the sleep of the yeaet^fungus and the arrest of the alcoholic fermentation. 
"VMien the antestlictic has been removed the fei-mentative change attacks 
the considerable quantity of grape-sugar now ready for transformation, and 
the production of alcohol and of carbonic acid gas is resumed exactly as if 
it hod never been interrupted. 

The action of vegetable protoplasm upon carbonic acid gaa, by virtue 
of which plants are enabled to absorb carbonic acid and to exhale oxygen, 
when subjected to the rays of hght, is arrested by the presence of anes- 
thetic substances in the fluids of the plant. The experiment may be most 
conveniently performed with an atjuatic plant. If a healthy specimen of 
one of these be immersed in a watery solution of ether or chloroform, and 
if a bell-gloas be inverted over the vessel in which the whole has been 
placed, it will soon be found that the absoi-ption of cai-bouio acid gas and 
the exhalation of oxygen have ceased. The plant does not die ; it remains 
green and healthy. On removing it from the ethereal solution and placing 
it in pure water, the natural processes of vegetable respiration ai-e renewed. 

The germination of seeds may also be arrested by the action of anses- 
thetica. Claude Bernard siurounded with the vapor of ether certain seeds 
which he had placed in conditions otherwise favorable to speedy gemtina- 
tion. "Under the influence of wannth and moisture, supplied in the ab- 
sence of hght, this process ordinarily presents a visible result by the second 
day ; but during the five or six days of the experiment no signs of change 
appeared. At the expiration of this period, when pure air was substituted 
for the vapor of ether, the vital processes were renewed and the seeds at 
once began to sprout. 

Another expeiiment exhibited the effects of ameethetics upon a still 
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more complex organism — tlie irritable protoplasm found in tlie cells at the 
Laete of the petiole iu the leaf of tlie sensitive plant. Placing a TigorouH 
individual of this sjiecies under a bell-glass which also contained a sponge 
Baturated with etber, Claude Bomai'd found, at the espiration of half an 
hour, that the plant was no longer initable, Its healUij. verdant appear- 
ance was uuchauged, but it uo longer absorbed carbonic acid gas, and its 
leaflets would not shrink when touched. As the eflects of the ether passed 
ofi^ after removal of the sponge, the plant gradually recovered its irritabil- 
ity, and its leaves drociped again whenever touclied, exactly as if nothing 
bad happened. 

Now, iu each one of these esijeriments the same fact is illustrated, to 
wit, the tendency t« cessation of molecular movement in the presence of 
the anirgthetic substance. This tendency becomes evident in relation with 
certain movements rather than iu I'elation with all sorts of motion. It is 
perhaps too much to say that the most complex forms of molecular change 
ai'e the first to cense under the influence of an aniesthetic, but it is very 
evident that there is a diflereuce. jUcoholic fermentation, for example, is 
arrested by a solution of ether in which the transformation of cane-sugar 
into grape-sugar is stiU continued. But the less complicated exchangesof 
inorganic chemistry, such as the simple oxidation of phosphorus, arc also 
prevented in a similar manner. It is not impossible tliat this familiar pro- 
cess of oxidation is not so ven,- simple a matter, after all. Our present 
knowledge, however, ^vill not permit any great degree of dogmatic assur- 
ance regarding the ultimate nature of many of the moat ordinary pi-ocesses. 
Tlie only thing tlmt seems beyond dispute is the fact that auKsthetic sub- 
stances tend to diminish the ordinary freedom of chemical change in mat- 
ter. Certain changes may thus be easily and completely arrested, while 
others ai-e but partiidly restrained. 

This fact is very clearly illustrated by the phenomena of autestheKia as 
exhibited in animals whose organization is so much more comphcated than 
ths structure of even the most highly organized plant. The animal fmme, 
like that of the plant, is built up with microscopical cellular elements not 
unlike those which form the tissues of tlie lower organisms. But in the 
animal there ia a greater degree uf ihSerentiation among tlie individual 
elements. Certain groups of these elements are modified for tlie work of 
secretion. Others are modified in a manner that specially fits them for 
the manifestation of contractility. Others again are fitted chiefly for the 
reception of sensitive impressiotif^, while still another group has for its par- 
tioular function the initiation of motion. Obviously these differences im- 
ply very considerable variations of stnicture. Their relations with exter- 
na forces must be corresiiondiiigly variable, Accordinglj', we find that 
certain portions of luiimtd tissue ai-c much more easily affected by auwathe- 
tic substances than other poi-tions. Certain cell-groups are quicklv para- 
l>'zed, while others ore capable of long resistance. To this fact is due the 
progressive cliarocter of the phenomena of artificial anaesthesia. The more 
Mghly differentiated the tissues of an animal, the more evidently succes- 
sive and complex the phenomena of aniesthesia. For this reason the in- 
duction of sleep iu a plant is a process that exliibits fewer different pheno- 
mena thou the induction of sleep by the aid of anaesthetics in a rabbit ; and 
the production of sleep m the case of an infant is an easier and simpler 
affiiir than the reduction of a vigorous adult to a condition of amesthetio 
iuseiisibihty. 

The auimal tissues which exhibit the highest degree of susceptibility to 
anieatbeticB are the elementor}' sti-uctures of the nervous s^-stem. But in 



the nervous Bystem there ie an immenBe variety of Bubordinnte structures — 
connective tisauea, blootl-vessels, lymph-channela, nerve-fibrea, motor cell^ 
Beneory cells, ganglionic celts, peripheral end-organB, oud central recipient 
mechanisms. It is important to oficertaiu the manner in ivliich these vari- 
ous etructurea are affected when iuvatled by the auieathetic substauce that 
ia circulated with the blood. THs we may leam by experiment upon the 
lower animnls. It is convenient to commence with a cohl-btooded crea- 
ture like the frog, which lends itself so i-eadily to the uses of the physio- 
logical labomtoiy. Small iisheB may he treated in the same way, hut tlie 
frog ia the most convenient object of experiment Claude Bernard haa 
pointed out the method of stuily, and to him we ore indebted for tlie fol- 
lowing details. Taking a glass filled with a solution of cliloroform in 
water — one part cblorotorro in two hundred parts of water — it should be 
closed with a sheet of india-rubber stretched across iU mouth. Tlirough 
a aht in the I'ubber diaphragm the body of a frog mny be fixed in such a 
manner that it shall be hnlf immersed in the water within the glass. Two 
speeimeuB may be thus prei>ftred for experiment — one frog being placed 
with the head and upper part of the body under water, while fiie other 
frog is adjusted in the upright position with only the hind legs and infe- 
rior half of the body in contact with the oniesthetic fluid. Notwithstand- 
ing this difference, at the end of a few minutes amesthesia is complete iu 
evety portion of the two auimals. Tliia is due to cutaneous absorption, suc- 
ceeded by circulation of the chloroform with the blood, so that the anees- 
thetic is transported to every part of the body alike. The same result ia 
obtained if only one of the extremities of the fro" be immersed in the 

If, now, we take meaBures to prevent the flow of blood from the heart 
into a given portion of the animtd, the esperiment will be varied to a cer- 
tain extent. Removing the sacrum of the frog, and exposing the great 
lumbar nerves which are distributed to the inferior extremities, a hgature 
may be passed beneath their tnuiks, and drawn tightly aixjund the remain- 
ing mass of the body bo as to arrest the circulation at that point, and to 
out off all communication between the upper and the lower portions of 
the animal, excepting through the medium of the neri'es that have been 
excluded from the ligature. In a fivag thus jirepared, it is evident that 
the cu'culation of blood between the upper and the lower halves of the 
body is completely arrested, but the functions of the nerves and of thfl 
separated segments of the spinal cord are still peraiatent. Beflex move- 
ments may still be excited in the lower extremities, as well as in the upper, 
by irritation of the cutaneous nerves. 

Two frogs, thus prepared and immersed in chloroformed water, as iu 
the previous exiieriment, present the following results : the frog which is 
placed with hia head and upper half of the body under water soon becomes 
insensible not only in the submerged portions, but also in the parts, beyond 
the hgature, that ore situated above the caoutchouc diaphragm. So for as 
the submerged portion of the animal is concerned, tiiis is perfectly intelligi- 
ble. But ^e parts that have been cut off from the general circulation by 
the ligature are also paralyzed. Obviously this cannot be due to the cir- 
culation of chloroformed blood through the lower half of the body. The 
only means of communication between the portion above the hgature aud 
the portion below the ligature is through the lumbar ller^■ea. These spring 
from the spinal cord above the ligated poitiou, where it is freely irrigated 
with chloroformed blood from the heai-L Evidently, therefore, the paral- 
ysis of the lower extremities is owing to a loss of capacity for the origi- 
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nation and emiesion of motor impulses oi» the part of Uie apparatus con- 
tained in the roote of the lumbar nerves. 

In tlie cose of the companion frog, wliich was at the some time placed 
ivith his hind legs and inferior portion of the body in the chloroformed 
water, the ports that are abore the water remain uninfluenced by the 
chloroform. This fact shows that the oneesthetic has not reached these parts, 
tind the obstacle presented by the ligature to the process of circulation is 
sufficient to account for this circumstance. The posterior poition of the 
animal loses if** sensibility exactly as if no ligatm-e esiated, because the 
ekin absorbs cliloroform whei-ever it is in contact with theansesthetic liquid. 
The peripheral sense-organs ai'e completely paralyzed by this local action, 
but it remains local. The aniesthetic influence cannot ascend the lumbar 
nerves to their central origin in the spinal cord above the level of the water 
in the jar ; consequently, all parts above the hgature remain in their normal 
condition of sensibility and motricity. 

By these experiments we are taught that the action of amestbetio sub- 
oea is local, and is only manifested by those tissues which ore directly 
nttact with the paralyzing agent Wien the spinal cord, or the brain, 
'zed, the animal ceases to feel, because the central recipient appa- 
I ia paralyzed. When the anesthetic is excluded from the central 
organs, but is at the same time freely supplied to the peripheral organs of 
sensation iu the skin, the animal ceases to feel, because the peripheral ap- 
pai-atus for the reception and ti'ansmiasion of sensorj- impressions is iu a 
condition of paralysis. 

It ivas, just now, intimated that the frog might cease to exhibit sensi- 
bihty as a consequence of the action of chloroform upon the spinal cord. 
In order to determine whether the cord can become the seat of changes 
capable of desti-oying sensibihty, independently of changes in the brain, 
the following experiment may be performed. Two frogs should be pre- 
pared by transvei-sely dividing the spinal cord in the upper dorsal region. 
This operation will not hinder the circulation of blood, but the power of 
executing voluntary movements ivith the hind legs will be lost by tlie ani- 
mal, because all nervous communication between the brain and the pos- 
terior extremities bus been destroyed by the spinal section. The capacity 
for redex movements will, however, continue to be exhibited by those ex- 
tremities — in fact, it will be considerably improved as a consequence of the 
loss of the inhibitory influences previously derived fi-om the brain. If now 
the two frogs, thus prepoi'ed, be placed as iu tlie preceding experiments, 
so that the upper half of one and the lower half of the other is in contact 
with the chloroformed water, they will soon become insensible in every 
part. The condition of anseathesia is generalized by the free circulation 
of the aniesthetic liquid, without regard to the portion of the skin through 
I^IKJUch it is absorbed. The phenomena of an:esthesia, illustrated by Uie 
ion of reflex action, etc, are exhibited as completely in those portions 
e animal which are connected with the bi-ain as in those wliich are in 

„_ jnication with the posterior segment of the cord alone. This proves 

fiot only that the cord is, to a certain extent, an independent nervous cen- 
tre, but also that the action of the antisthetic is direct and local in its effect 
upon the nervous centres. This may be stiU further illustrated by the ex- 
periiaent of hgating the body of a frog so as to pi-event all passage of 
blood from the heart into the lower half of the animal, and, having divided 
the spinal cord a short distance below the ligature, placing the head and 
upper exti-euiities of the animal in chloroformed water. The submerged 
portion becomes omcsthetized, as iu the previous experiments ; but, since 
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the ehlorofonn rimnot reach the parta beyond the ligature, the posterioa 
extremities noutiuue to execute reflex movements, showing thnt the lowei 
segment of the cord ia etill capable of i-eceiving and tmnnmitting sensory I 
impressions. I 

The effect of antestlietica upon the nervoiia centres i-esnlts in the produc- 1 
tion ot a state that cxhihits mnny jxiints of resemblance to ntitural sleep. 
The principal diffei-ence consists in the greater profnndity of the-insensi- 
bility that belongs to anieatheaia. During ordinary healthiul sleep there 
is 110 loss of reflex energy. The epiuol cord does not lose its sensibility ; 
it is the brain that lies dormant. But in tlie sleep of imreethesin tlie -vol- 
iintory muscles become completely relased — there is a disappearance of 
that tonicity which is dejiendent ui>on the waking energj' of the cord. Let 
UB now investigate the condition of the nerre-c^ntres, fii-st in natural sleep, 
and then in the sleep of anEeathesiB. J 

Sleep commences in the organs of sensation. The sensoiy nerve-tissuM I 
ai-e evidently composed of matter in a condition of less stabihty than obtains % 
in the other tissues of the body. If thiswere not the case, sensation could ' 
never precede motion in the nerve-centres. Every impulse that reaches a 
complex organ lite the spinal cord or the brain muat necessarily disturb 
the equilibriiim of the more unstable molecules betoi-e it disturbs more 
stable masses. This unstable matter, therefore, constitutes a recipient ap- 
paratus for all impulsea that move in a centripetal direction — from the sur- 
faces of the body to the central organs in the cerebro-spinal axis. While 
the constituent matter of the recipient apparatus preserves its condition 
of instability, it is said to he irritable, and bj' virtue of that irritabihty, 
motion is hberated in its substance — jirobably through i-apidly successive 
Isomeric changes — and is transmitted to the specifically motor centres, or 
to the apparatus of conscious sensation. But when, as a consequence of . 
I'epeated changes of this nature, the irritable matter has deteriorated in J 
nutrition, and has become overcharged with the waste products of iisaa&- J 
change, it ia no longer the imatable substance it waa at first It no longer^ 
Uberntes motion under the influence of impulsea from abroad. Tliere can 
be no fui-ther distribution of motion through its agency, and the motor 
ganglia, with the organ of consciousness, can receive no incitements to 
action through the normal channels. During this condition of the recipient 
nervous apparatus, the individual must necessarily remain ignorant of all 
that passes without. He becomes unconscious of the external world — he 
may even lose all consciousuesa of self— we aay that he is asleep. This 
condition may be the result of the ordinary tissHe-changea that conform to 
the ^aily rotation of the earth, and then the sleep is natural. Or it may 
be a pathological result of morbid conditions of the body, constituting a 
condition of stupor. Or, finally, it may result from the preaeuce and pecu- 
liar energy of certain substances that have been artificiiUlj- introduced into . 
the blood, pi-odueing artificial onrosthesin. The cnuaes diSer, but the effectJ 
upon consciousness is the same, ■ 

The advent of normal sleep is hci'alded by a gradual fiulure of the 1 
special senses. Usually the eyes are the first to yield. Their hds collapse ; 
tlie cihary apparatus ceases to adjust the eye to vari'ing distances ; the re- 
tina no longer i-eacts imder the waves of hght The general sensibility of 
the surface of the body becomes diminished, and finally ceases to manifest 
itself under ordinary impi-essions. The sense of hearing peraiste longer 
than any of the other special senses. It is through the medium of thia 
sense that one can be most easily aroused from sleep ; yet it is by an ap- 
peal to the «ar that sleep may often be induced. Wftness the peaceful 
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filwiiber offecteil by tlie mouotonoua Limub-um of a droning preacher. 
TLis, however, ia the uonnal uoueeciueuue of the fatigue induced throu^^h- 
out the nei'vous apparatus by loug-uontiuued i-epetition of iJeutieal iui- 
])ulses. It is tui example aiialogouH to the contiuuouM droppiug that weam 
awny the hardest rock. 

The incidence of sleep upon the lDi:omotive appoi'atus is lirat e\ltibited 
by the voluutary musclen tbnb belong' to the limbs. Then follow the mus- 
cles of the trunk. The power of reflex movement is not abolisheil ; res- 
piration ttud circulation continue, though with a shghtly diininislied rate. 

As sleep invades the brain, pereeption of the external world is gi-ad- 
ually diuiiuished as the wearied senses ceaae to introduce Beusatious from 
without But this cesaatiou of communication does not at once arrest the 
developmeut of ideas nitiiiu the bi'oin. Certain groups of cortical cells 
may remain active for a considerable time aft«r the establishment of sleep 
in certain other groups. Deprived of that guidance which is derived from 
the inipresMioua of senae, the attention of the wokiug jxtrtions of the brain 
iti attracted to such impressions of internal origin as ntay arise in the ter- 
ritories of the pueumogaatric and sympathetic nerves. In other words, 
these imcompensftted coxmections become more inHuentiaL Hence a suc- 
ceiwion of emvtio ideas, attended with vaiyiiig degrees of coneciousnesa de- 
pendent upon the degree of uniformity in the state of the cortical portion 
of the brain. Or, again, disturbing causes may be origiuateil in the cere- 
bral centres themselves. Groups of cells, wliich have acquired an exceii- 
sive or morbid degree of irritability, may still continue to perform a cer- 
luiu amount of functional work as a consequence of previous impressions 
that have not yet been e&ced ; and this work will pivsduce results in the 
field of consciousness, pi-ecisely as siniLlar work would result during the 
waking state. But, through lack of a simultaneous production ui con- 
sciouBueas of that vast complex of associated perceptions and conceptions 
which is occasioned by the co-ordinated activity of all ports of the braiu 
during the waking state, this isolated cell-work excites only imperfect 
trains of thought, which, for the reasons above indicated, inust necBusuiily 
progress after a very imperfectly ordered fashion. HucXi inco-onlina,t*(l pro- 
cesses constituto what is wUleil a ilreani, in wliich the degree of intensity, 
coherence, and amplitude of the ideas is ilepowleiit upon tlie variable ex- 
tent and completeness of the cessation of cell-fuiictiou throughout the 
brain. When special cetl-fuuctiou is rapidly, uniformly, and completely 
arrested, sleep is profouud and dreamless. When, on the contnu^, the 
process is ruuducted in im irregular and imperfect manner, sleep is cor- 
respondingly disturbed and uurefi'eahing. 

The act of awaking from sleep is the result of reconstruction of the u-- 
ritable matter of tJio nervous tissucH. Dui-ing sleep this process — which 
is a nutritive process— goes on without inteiTuption imtU a certain degree 
of instability — irritability — has been renewed. The ordinary external im- 

Sressiona of hght, heat, sound, and touch ore then once more sullicient to 
berate motion throughout the nervous system, and to excite the formation 
of ideas which reach the field of conscious perception. The individiuil ia 
then awake, and will continue to enjoy the waking st^tte until the irritabil- 
ity of the sensory apparatus is again exhausted. Thus, sleep and con- 
aciouHuesB succeed each other in an orderly cycle which is curiously I'elated 
with the diurnal revolution of the earth about its axis. 

In the preceding analysis sleep has been mode to depend upon the con- 
-ditiun of the cells which compose so large a part of the cerebral and ner- 
■vous substance. This, however, is not the opinion that was formerly enters 
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tained by pliyaiologists. In the dnys that preceded eKperiment, 
hypotbeaea were constructed to account for tiie pheDomenon of sleep. 
waa by some considered a function of the immanent vital principle which 
nltemated with other functions of the same principle. Eespiration, 
thought, sleep, all were ascribed alike to the activity of this principle. 
But this mode of viewing the subject afforded no e.tplanation of tiie mech- 
anism by which the function vos meide apparent. Others — and they ivere 
the majority — taught that sleep waa caused by on affiux of blood into the 
brain, sufficient to compress the organ in such a manner as to arrest its 
ordinary functions. Sleep was thus regarded as a sort of pbyBioiogicAl 
coma which never transgx-essed the Umits of safety. The deep sleep that 
characterizes all diseases attended by a marked determination of blood to 
the head, the injection of the coruea during natural sleep, the influence of 
heat and of opiates which were supposed to increase the cerebral circula- 
tion, were all accepted as sufficiently convincing proofs of the causal con- 
nection between cerebral congestion and sleep. 

The last twenty-five years have witnessed a reaction agauist this hj-po- 
thesis, and its complete opjiosite has found many able advocates. Cases 
have l.ieen reported in which accident or disease had caused a loss of por- 
tions of tho cranium and meninges, so that a certain amount of brain-sub- 
stance was exj>osed to view, Caldwell obBe^^■ed, in such a patient, that 
during sleep there was a subsidence of cerebral pulsation. During the 
act of dreiuning there n'as an increase of circulation and a degree of tur- 
gescence of the brain that waa in direct relation with the vividness of the 
dream. In another patient, under similar conditions, Blumenbach ob- 
served a marked diminution of cerebral vascularity duiing sleep, and a re- 
^'ivol of the circulation at the moment of awaking. As long ago as 1854, 
Wm. A. Hammond' — an American army surgeon — observed the same thing 
in the victim of a railway accident which had caused the loss of the cranial 
bones over a portion of the skull, meaBurxng six incites in length by three 
inches in breadth. This extensive wound had cicatrizeil. without restora- 
tion of the osseous substance, so that there existed, as it were, an artificial 
• fontanelle which fluctuated in conformity with the variations of blood-pres- 
sure. ^Vhen the patient was awake, the surface of the cicatrix waa neither 
elevated nor depressed. Any great excitement caused an increased promi~ 
nence of the part. The concluding phenomena of the epileptic couvulaionH, 
to which the patient was liable, were accompanied b)' estensive bulging of 
the Htu^ace, indicating great turgescence of the vessels below. During 
Bleep, on the contrary, there was a decided depression, from which cii'cum- 
stance was inferred a diminished pressure in Uie cerebral ves.^els. 

In 1800 an English physician, Dr. Ar-thur E. Dui'ham, published, in 
fftii/'s Hmintul Rqmrt.^ (3d series, vol. vi., p. 149, 18G(I), an article entiUed 
" The Physiology- of Sleqj," in which were detailed the results of experi- 
ments performed on dogs, to determine the condition of the cerebral cir- 
culation during sleep. Opening the skull with a trephine, tlie sur&ce of 
the brain could be observed at all hours. A condition of relative amemia 
was thus demonstrated during the period of sleep. Dr. Bedford Brown, 
an American physician, during the same year, 1S60, finding under his car© 
a patient who had sustained a fract\ire of the skuU {Am. Jour, Med. Sci., 
p. 339, October, 1860), observed the same compoi-atively anaemic condition 
of the brain while under the influence of chloroform. The initial stage of 
its administration was choi'octemed by an increased turgescence of the 
cerebral vessels, but as the stage of complete aniesthesia was induced tho 
condition of bypereemia was succeeded by a eondjtiou of decided 
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Numeroua cxpcninenterH hnve remtirked the some thing iu tmiinala 'wliich 
bave been mibjected to the action of opium and other narcotics. Aneemic 
individuals have beeu observed to manifest greater intellectual activity 
while occupying the recumbent position than iu the erect — a drcuiuatance 
which moy be urged in favor of the antemie hypothesis of sleep. Advan- 
tage of tlus fact baa been token iu the construction of a rotating table for 
the induction of sleep in cases of peraistent wakefulnesa that were supposed 
to be dependent upon cerebi'al nyperiemia. Flacinj]; the patient in the 
recumbent position upon such a table, with hia head nearest to the asis, 
when the apparatus ia rotated, the blood is driven out of the brain by cen- 
trifugal repulsion, and in accumulated principally in the lower estremitiea. 
Sleep is said to result very promptly as a consequence of the cerebral auEQ- 
mia thus produced. The somnolence that sometimes accom^Hiuies the act 
of digestion baa been ascribed to a diversion of blood from the brain to 
the gnstro-intestinol capillaries. In like manner it baa been suggested 
that the disposition to sleep which ia caused by au excessive atmospheric 
temperature ia due to a geuei-al dilatation of the oapillarj- net-work in the 
akin, producing a detention of blood at the peripheiy, ivitli a con-espoud- 
ing degree of auEemia in tbe internal organs. The good effects of wui-ming 
tbe feet before retiring to bed, and the sopoiific influences of tbe tradi- 
tional dry crust of bread when taken at the some hour,. have been thus 
explained. 

It bas been urged, on tbe oppoaite side, that these bypotbeaea do not 
account for the excessive wakefulnesa whicb often accompanies the anteniio 
state. Nor do they seem to be consistent witli the explanation ordinarily 
assigned to tlte cause of tbe contracted pupil which ia conaUmt during 
natural sleep. Dilatation of the pupil is tbe normal condition of tbat 
aperture in conditions of general anaemia. It is also a consequence of that 
irritation of the cervical sympathetic nerve which produces contraction of 
the oi-teries of the head, aud, presumably, diminishes the amount of blood 
conveyed to tbe brain. On tiie contrary, all those conditions which favor 
accumulation of bIo<}d in the bi-ain, such ns exist in asphyxia, or after sec- 
tion of the cervical sympathetic nerves, tend to produce contraction of tho. 
pUpiL It ia evident, therefore, tbat if contraction of the pupil is to be as- 
sumed oa a positive indication of intracranial hypertemia, the brain must 
be the seat of increased blood-pressure diu^ng the time of steep. But this 
inference ia opposed by tlie esiwrimeuts of Durham and others. It would 
Bpi)ear. thei-efore, that we eitlier have not in the eye an unvarying indes of 
tue state of the cerebral cii-culation, or that sleep may be associated with 
different combtions of blood-supply in the brain. 

The highest degree of proWbility, therefore, belongs to the bypotbesis 
wbicb undertakes to ex[)lain tbe phenomenon of sleep aa tbe consequence 
of a certain stage of exhaustion of energy in nervous matter. It expresses 
tbe wear and teiu' of the intellectual apparatus. Tbe machine can liberate 
motionfor a certain length of time ; but at luafc ita potential energy, derived 
from nutritive substancea that bave been introduced through the blood and 
have been incorporatetl by the cells, is entirely exhausted. Cessation of 
function must necessai-ily follow at once. Cessation of muscidar function, 
occasioned by such exhaustion of tbe muscular apparatus, ia muscular 
sleep. Cessation of tbe functions of tbe sensitive organs of tbe body, oc- 
casioned in a aimilai- manner, constitutes anasthesia. Cessation of all the 
cerebral functions, thus induced, is natural sleep. That exhaustion of tlie 
materials funiiidted to the brain by the processes of nutrition is an imjJor- 
trat cause of sleep is indicated by tbe increased power of resistance against 
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soporifii! teudeucies which becomes apjiiweiit after etiting during a period 
of eiiforced ■wakefulness. But mere reinforcement tif the nutritire supply 
iu the IjlooJ is not alone sufficient for the i-estoration of the potential ener- 
fjies of the brain. For this a season of absolute repose is imperative. Tlie 
same law holds good throughout the physicftl frame. Continuous exertion 
— continuous Lberatiou of motion — is inijHDssible. Kven the heart must 
stand still and sleep about seventy times a minut^'. Perfect rest is one of 
the conditions essentia! to perfect nutrition. This period of perfect rest 
constitutes sleep on the part of the brain. The condition of the cerebral 
circulation is on entirely secondarj' afliiir in c^miiarison with the state of 
the inti-acellular moleciuea of tlie ccrelinJ sulvstance. Sleep, therefore, 
may occur in states of hypei-temia as well na iu conditiuus of aniemia. In 
normal sleep tliera is uo such thing as absolute aun'iuin. Absolute cessa- 
tion of the circulation 'would produce, not sleep, but syncope. During sleep 
the waking functions of the cerebral cells are suppressed, and can no longer 
interfere with the active changes of nutrition. The entire work of the cell 
is concentrated upon the nutritive process. This i-equires a continuous 
supply of blood, but it does not necessaxily require a supiJy equal to that 
demanded by the brain when its cells ore engaged in aclire intellectual 
functiou. Consequently, there is a diminution of the circulation of blood 
in the brain. If slumber is disturbed, or if the individual he aroused to 
consciousness, tlie hberation of motion by the cortical cells communicates 
an impulse to the heart and to the regulative apparatus, which at once ad- 
mits more blood into the vessels of the bimn. 

Tlds is the cause of the increased diuieufiion of the blood-vessels at the 
moment of awaking or during the act of dreaming, as observed by those 
who have enjoyed the opportunity of inspecting the uncovered surface of 
the cerebrum in the living individual. The relation between tlie brain and 
the blood-current is thus shown to be ideutica! with the relation which ex- 
ists between that current and any glandular organ or muscular apparatua 
whose action is rhythmical or intermittent in its cliaracter. So delicate 
and so intimate is the connection betiveen all poi'ts of the animal body, 
tliat, whenever motion is hherated in any cell or group of cells, a portion 
of the impulse is conducted directly to the oi^ans of circulation, and is dis- 
tributed in such a Loauner that the resistance between the heart and the 
point of agitation is reduced to a degree which permits an easier passage 
of blood to the seat of action. We accordingly find the various glands tur- 
gid dming their ]>eriod of functional actirity, but they are jmle and com- 
paratively bloodless throughout those intervals of repose which in the 
course of their life occupy the place of sleep in the histoiy of the brain. 

Reference lias already been made to the obsei'i'ations of Durham, Bed- 
ford Brown, and others, upon the cerebral circulation during natural sleep. 
Similar observations liave i-evealed the circubitor^- phenomena which result 
as a consequence of the action of auaiathetics. The immediate consequence 
of their initial action is a hypera:mic and turgid condition of the brain. 
This soon subsides, and the completely anmsthetic state is marked by a 
diminished flow of hlood. The brain becomes relatively anicmic, just aa in 
the case of ordinary sleep. When a condition of hypenemia persists, it is 
owing to the fjict that the antrsthetic process is by some disturbing cause 
complicated with the sj-mptoms of partial asphraa. This may not unfre- 
quentiy result from accidental hinderances to respiration, such as so often 
manifest themselves during the first stage of artificial omesthesia. 

The conclusion to which the analysis of all these observations leads ia 
identical with the conclusion drawn from the experiments of Bernard 
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garding^ tlie effect of ftUffistUetica upon the lower forms of orgaiiic life. 
ADfesthenia is tlie reimlt of the local tictios of the aniesthetic upou the in- 
dividual elemeDts of tlie orgaaiBm. Ether abolishes the fiinctioiiy of the 
nerve-cell, in precisely the same wtiy that it tLboUsheti the fuuctious of the 
plant-celL This arrest of function is probably due to the same pi-operties 
by which the aneesthetic substance interferes w-ith the i-eaotious which 
would otherwise take place between osygea and phoBphoms in the inor- 
ganic kingdom. Thin local action of anicstheticB is further illusti-ated by 
an interesting experiment reported by Sen-ea. Having hgafed the hind 
leg of a dog in a manner that effectually prevented the entrance of blood 
into the limb, he found, on etherizing the animal, that the irritability of the 
sciatic nerve in the ligated extremity remained intact, notwithstanding tlie 
ubohtion of nervous imtabiUty in every other part 

. Experimenting in a similar maimer upon froga, Claude Bernard arrived 
at the conclusion that loss of excitability in such coses was due to the 
action of the anaesthetic upon the brain and spinal cord rather than upon 
the nerves themselves. But this conclusion may be reconciled with his 
other experiments and with the observatious of Hen-ea, Perrin, and others, 
by recalling to mind the fact that the tissues of the body are exceedingly 
variable in their tolerance of onEeathetics. The sensory apparatus suc- 
cumbs to their influence sooner than the motor, for reasons which have 
been already specified. Tliia fact is well illustrated by on observation of 
Claude Bernard, who found ou irritating the sciatic nerve of a chloro- 
formed frog that the muscles could be oi'oused to action when no evidence 
of sensation could be made apparent Certain portions of the nervous ap- 
paratus yield sooner than other portions. Witnesa the staggering gait of 
a man partially under the influence of alcohol. The lower animals, also, 
con move their upper hmbs, and can execute well-ordered movements of 
the head and neck for a considerable time after they have lost all control 
over the posterior extremities. In fact, it is the rule that the muscular 
pai-olysis of anceatheaia advances from below upwaril, iuvoh-ing the j>eri- 
phcnd organs first, and only invading the movemeuts of respiration at the 
moment when the medulhuy centres are overwhelmed. In this respect the 
behavior of aniesthctic substances is not peculiar. Many toxic substances 
exhibit the same progressive action. Tliisfact need not be i-eferred to any 
epocial affinity between the tissues of the inferior part of the spinal cord 
and the poisonous agent It is undoubtedly due to tlie peculiarities of the 
blood-supply connected with the lower segments of the spinal cord. Hen- 
Bory impressions which should reach the brain through the medium of the 
cord ai-e diminished, while the motor impulses which should pass from the 
higher centres to the lower ore also hindered in their course. It is in the 
medulla oblongata that the power of hberating molecular motion is most 
completely orgiuiized. Consequently, the movements of respir.ition and 
the control of the ch-culation, being directly dependent upon this quality 
of the nerve -substance in the medulla, persist after the cessation of all 
other motor functions in other portions of the nervous system. The respi- 
ratory centre is the uttimum vioneim in ail cases of death from the mlminis- 
tration of auiesthetics. Paralysis of function advances from the cerebral 
periphery downward, and from the sensory periphery upward, until at 
length the " vital knot " ia loosed and death occurs. 

Molecular pandysis, then, is the cause of all the varied phenomena of 
anieethesia. Not only the loss of consciousness which marks an advanced 
etage of the process, but also the initial jieriod of excitement, is tlie result 
of ma paralyzing energy of the uniesthetic. It is usual to speak of the ex- 
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citemeiiti whidi is evident at the commeDcemeDt of etherizntioa as 
jirimary effect of tlie niiieathetic action. This, however, is an error, which 
has its origin in a confusion of the effects of the ansastbetic upon the vaso- 
motor nerves nith the effects that are produced by the changes thus occa- 
sioned in the cii-culation of the blood among the ekments of the nervous 
tissues. 'When ether, for esnuiple, is inhaled, it passes directly through the 
Willis of the pulmonary capillaries, and is dissolved in the blood within the 
lungs. Thence it ie carried directly to the left side of the heart, and is 
forced through the coronary arteries into every portion of the organ, 
simultaneously with Sts transportation through the medium of the Byatemic 
circulation to the most distant parts of the body. The immediate effects 
of the anicsthetic are, tlierefore, esperieuccd first by the tissues which con- 
stitute the walls of the pulmonaiy veins and the coats of the coronaiy 
arteries. In the coats of these vessels are placed the gaugha of their vaso- 
motor nerves. Upon these, as well as upon the other constituent tissues 
of the cardiac blood-vessels, the jjaralyzing influence of the anseathetio is 
directed. The muscular walla of the arterioles, after a brief period of con- 
tiuctiou, i-elas by reason of their diminished tonicity, thus effected. An in- 
creased supply of blood is distributed to the muscular substance of the 
heart and to its intrinsic gaugho. This increase<l How of blood serves to 
increase the function of both nerve and nms(;Ie. The heart contracts more 
vigorously and propels a larger amount of blood to the brain, to the spinal 
cord, to every portion of the body. Tliis sudden impulse increases the 
propulsion of blood throughout the ai't«rial channels, and arouses the 
activity of nervous tissue eveiywhere. A general, though temporarj', in- 
crease of function in all kinds of tissue is the result. But the escitemeut 
thus produced eS'ects its own arrest The blood becomes more thoroughly 
charged with ether, which soon extends its paralyzing influence beyond the 
walls of the circulatory canals, and invades the higher nervous gangha. 
As their functional activity subtiides, their accelerating influence ui>on the 
cin-ulation is diminished, and the rate of the jmlae recedes in the direction 
of its normal figure. At length, if an equihbrium be established between 
the introduction and the elimination of the ancestlietic vapor, the anies- 
thetio process is continuously sustained with a uniform degree of intensity. 
But, if its introduction be compelled beyond the power of the tissues to 
free themselves, they become supersaturated with the substance. One 
after another the uer^'ous elements pass into a condition akin to riijor 
morlig, and systemic death is the final result. This conclusion of the pro- 
cess, must, of course, be more likely to follow the result of an energetio 
agent, or a substance that is not readily exa-eted by the tissues. For this 
reason chloroform is more dangerous than ether. 

That a paralyzing agent should as its first effect produce an increased 
tonicity of the aiterial walls, thus raising the blood -pressure for a short 
time after the introduction of the anesthetic substance into the current of 
the blood, may at first sight seem quite paiiidoxicnl. In fact, it is custom- 
oiy to speak of such substances as producing an uritant effect before they 
produce paresis or paralysis. But this is not the only instance of a tempo- 
rary i]icrease of muscular movement that is directly caused by the aboli- 
tion of some special source of nervous impulse. Witness the tremendous 
liberation of muscular motion which follows a 2>aralysia of the influence o( 
the brain by sudden decapitation of a fowl, for example. IVitness the per- 
vasive shudder which eS'ects the respiratory muscles when a sudden dash 
of cold water diminishes the molecular movements of the cutaneous sensi- 
tive nerve-endings. This may even result in a succession of general mus- 
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cnlar convuMons, producing conaidernble diflplnceiueut of the limbs a 
other levers of the body — aliivei'iiig (ind uliatteiiug of the teeth. These 
very considerable liberations of motion are iiot the consequence of an in- 
ci-ease of motion upon the aenaitive side of the nervo -muscular arc. On the 
contrary, they are dependent upon conditions which retard or wholly 
aboUsh the h'ansmission of ordinary impulses between the aur&ce and 
the centre. The liberation of a motor impulse by the cells of a central 
motor ganglion may, then, be effected by n single disturbance of the ordi- 
narily existing equilibrium between their protophum and the protoplasm 
of the structure by tlie aid of which such hberatiou is ordinarily initiated. 
This disturbance may assume the eharaoter of a diminution of the ordi- 
nary influx of sensory impulse as well as of an e:(iiltation of the »ame. 
A lump of ice in the rectum will thus excite reflex respiratory move- 
ment even more efficiently than a red-hot iron in contact ^vith die skin. 
Cold, which diiuiuiBhes molecidar movements, may thus* be as painful as 
heat, by whioJi they are increased. Now when anesthetics — and this is 
more conajiicuously evident in the action of the sti-onger aubatjmces, like 
chloroform — act tlirougb the blood ujion the nei-vous apparatus in the walls 
of the vessels, they teud to iniralyne the seusory endiiiga of the nervous 
fibrils. This means a diminution of the normal impulses which should 
continually reach the ceutml intraparietal ganglia in order to maintain a 
perfect nervo-mueculai- equilibrium between the different structures of the 
vessel, The motor cells no longer experience the mhibitory influence 
which they should receive from the periphery of their territory-, and a libera- 
tion of motor impulse immediately follows the loss of e^Uibrium thus oc- 
casioned. Beaching the muscular fibrils, this motor impulse excites mus- 
cular contraction, and we have a vascular spasm, with temporary increase 
of arterial pressure, produced by the initial stage of that general nen'o- 
muBcular paresis which shall shortly involve not only the entire local 
apparatus, but also the whole mass of the general nervous system. 

That aniesthetic agents do really diminish or retard the specific mole- 
cular movements of nervous and muscular tissues, is clearly exhibited by 
the beautiful experiments of the committee of the British Medical Asso- 
ciation (Uritwh Medical Journal, p. 2. Januaiy, IHTO). "By a refined 
method of expei-imenting with Regnault's clironograph, it was ascei-tained 
that a few respirations of air containing chloroform or ether produced re- 
markable retardation in the time of signalling bock that a visual impression 
had been jjerceived, although the pei-son operated on was quite uncon- 
scious of any such delay." Thus it appears that the immediate presence of 
on anrestlietic agent is always and everj-where followed by a diminution, if 
not by a complete an-pst, of the normal modes of motion in otlier forms of 
contiguous matter. It also appears that the tempomiy inci-onae of motion 
which may be exhibited by certain kinds of organized matter under the 
mediate influence of the anesthetic is not the result of a direct impulse 
communicated by that agent, but is the consequence of an overthrow of 
etiuilihrium hi the comiilex structure of which it forms a part. 

The question has often been asked. How do ameuthetics act upon 
nervous tissues ? Reasoning fro* analogy, it Iiaa been suggeBt*d that they 
coagulate protoplasm, somewhat after tlie manner in which alcohol acta 
upon alhumiuouB substances outside of the body. But coagulation is not 
compatible with life, consequently, it is hardly probable that thia con be 
the mode of action. ^Vhen it is remembered that the effect of an anics- 
thetio is temporary, and that it leaves the tissues in no way different from 
their origimd condition, it seems more probable that in the substance of 
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t]ie pi-otopksm through which the paralyzing agent is diffused, the Btues- 
tiietic oi>erateB to aiTeat those chemical eschan gee— chiefly oxidation — 
that we asBociated w-itli the uoiiual diffusion o( motion tliroughout the 
system. It eflSects uo uew combiuatious or decompoBitious. Among the 
mole^iulee it merely plnya the port of a cloud between the bud and the 
earth, hiuderiug the euei^ee of the one from acting upon the suaceptible 
matter of the other. 

Haviug Uiusreviewedthemaunerinwhiohansesthetiea may be supposed 
to produce their effects, it becomes comparatively easy to explain tlie causes 
of the various phenomena which succeed each other during the iuduction 
of auusthesin. The actieleration of respiration and of circulation ore due 
to the increased flow of blood into the capillaries of the heart and of t^ 
nervous apparatus, exciting the reflex fuuctieus of the cardiac ganglia, of 
the spinal cord, and of the medulla oblongata. The same condition exists 
in the laucous membrane of the nores, mouth, and phaiynx — heuce, au in- 
oreaae of the local reflexes, marked by an augmented flow of saliva. That 
this is occasioned chiefly by a local action of the aniestJietic is indicated by 
the bet that if a dug, for example, be made to inhale chlorofoim through 
an opening iit tlie trachea, such copious salivatiou is avoided. The same 
condition of local hyperHOuiu arouses the reflex appaiittus of the larynx and 
of the luugs^ — often to a degree uuflicieut to excite a paroxysm of cough. 
The sensory apparatus of the body is in like manner rendered more ef&cient, 
and for a brief period all the sensations and the cerebral perceptions are 
exalted, by reason of the inci-eased energy of the circulation. Painful sen- 
sations oretiius in^nsified by the means tlmt are employed for their aboli- 
tion. The muscular conti'actility may also be exaggerated in the same 
way, producing those annoying phenomena of muscular rigidity sometimes 
observed during the adminisb'atiDu of chloroform. The weaker au (esthetics, 
like diluted alcohol, or the attenuated vapor of ether, if administered slowly, 
may sustain this period of intensified activity for an indefinite [leriod ; but 
if tlie sti-onger agents, like cldoroform, are used, or if the weaker oussthetic 
substances are employed in extraordinary quantity, the toxic eS'ect ut length 
invades the less impressible tissues, and the phenomena of complete aiues- 
thesia are made apparent. The differiug energy of the vaiious oiuefithetic 
sabstunces is well illustrated by a comparison of the periods of time neces- 
sary for the induction of amCBtiiesia by their use. Dr. Norris, of Birming- 
ham, phtced a number of rats under bell-jars fllled with difl'erent gases and 
vapors. Noting the time requisite for the production of insensibility in 
each case, he foimd that unconsciousness and muscular resolution were ap- 
parent in on atmosphere of 




Hydrogen 

.Air saturatet] with ether vapor 

Air saturated with chlorofoinn vapor 

Air saturated with methylene dicldoride vapor 

Xitrous oxide 

Oxygen saturated with ether vapor 

-Oxygen satui'ated with chloroform vapor 

'Oxygen satm'ated with methylene dichloride vapor. 

-Carbonic onhydiide 

The insensibility produced by hydrogen is appai-ently due to the simple 
■exclusion of osygen — to pure asphyxia. The rapid effects of nitrous oxide 
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Rud of carbonic auhydride must be attributed to tlieir double em 
anHiBtlietic and lupbyxiant mibstanceH. 

ADMINISTRATION OF AN.*:STHETICfl. 

Tbe adminiBtration of nitrous oxide gas, and other uniisual 8iiEeat,hetio 
substances, will be discuased iu the thaptera which treat particulai-lj- of their 
use. In the present chapter the ordinmy einplojTnentof ether or cliloroforni 
will form the subject for consideration. 

A physical examination of the patient should precede the commence- 
ment of inhalation. A passing illness, an luiusual degree of fatigue, Ioba 
of sleep, excessive mental excitement — any and all of the varioua causes 
which may intervene to depress the vitality of the patient, should be care- 
fully considered before the final decision in favor of a resort to auteetheaia. 
Before the days of arnGsthesia, it was not uncommon to conceal from the 
patient the hour of operation, in order to avoid that mental perturbation 
and depression which might arise from anticipation of the painful event. 
Now, however, we are fortunately relieved from tliia necessity ; but still 
there are many iiervouB individuals who cannot contemplate the appi-oach- 
ing danger of operation without the fji-eatest degree of agitation. Everj' 
possible effort should he made to calm such apprehensions. The tact of 
the surgeon will guide him to the methoils best calculated to effect his piu:- 
poBC in this particular. The administration of a few doses of an alcoholic 
stimulant before inhalation is higldy recommended as a means of ti-anquil- 
lizing a timid patient. 

The time of operation should be lised at such a dintauce d-om the hour' 
of the last meal as ivill inmu'e an empty stomach for the patient. This pre- 
caution is especially needful when ether is to be ai:] ministered, siui 
liable to excite vomiting if the stomach is distended. Nothing is more 
disagi-eeable than a torrent of undigested food ]X)uriug from the gullet of 
a half unconscious and helpless individual The act of vomiting under such 
conditions is, moreover, attended with considerable danger. In niunerous 
instances death by suffocation has occurred during the induction of antes' 
thesia as a consequence of the accidental passage of food from the cesopha- 
gus into the trachea in the act of vomiting. Cai'e, however, should be taken 
to avoid such postponement of the time of operation as will incur the risk 
of exhaustion from want of food. About three hours after eating is proba- 
bly the best time for inhalation. 

The patient should, for all ordinaiy operations, be etlierized in the n 
oumbent position. The risk of syncope is thiia diminished by a positio 
which favors the access of blood to the brain. It is well, iu hospitals, to 
etherize the patient in a room adjacent to the surgical theati-e, in order to 
avoid on the one hand the risks attendant upon transportation iu the a: 
thelio stat« through long corridora and over difficult stairways, and on 
other Jiand to avoid the unpleasant iucidentjj which might arise during 
etherization in the presence of a large crowd of cynical ttpectators. 

Bodily quiet should be secured for the patient by every ixxwible means. 
His struggles, it he resist inhalation, should be gently but resolutely re- 
strained. Sudden sliifting of position should be avoided, especially the 
cluuige from n recumbent posture to the vertical. An abrupt change of 
this character might easily occasion sj7icope. Far less dangerous would be 
tbe revei-ae movement for a person who had been etherized in the sitting 
posture. In fact, if tins positioii be for any reason desirsbie, the patient 
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shonld occupy a chair wMch liaa been couBtnicted in such a way that its 
back can be easily clepreaaed to a level with its seat If syncope should 
then seem likely to occur, it may be readily obviated by depresiaing the 
head of the patient, wliile inhalation is suspended. 

The administration of the aufesthetic vapor should never be confided, 
excepting in special emergencies, to uDprofeasional or unskilful hoDds. 
No department of surgery demands more thorough acquaintance with the 
necessities and the possible dangers of the situation. The assistant to 
whom the responmbillty of etherization is committed, should he specially 
instructed with regai-d to all the signs of danger that may appear, and he 
should also he perfectly familiar with the methods of resuscitation in case of 
accident The comparative rarity of accident is the unquestionable cause 
of the indilFereuce to these matters that is everywhere apparent But the 
rarity of accident is no excuse for the absence of precaution. The trusty 
eurgeoQ will leave nothing to chance when proceeding to operation. He 
should be as sure of the eecurity of his patient on the side of aniesthesia aa 
he beheves him to be in the matter of hemorrhaye. How often this is 
neglected ! The admiuistratiou of even the more dangerous amustheticBiB 
confided to the junior asaiBtant— iierhaps to a student scarcely out of hia 
teens — a youth without experience and without any adequate comprehen- 
sion of tiie real nature of the process in which he is engaged. Instead 
of devoting his attention to the respiration and ciiculation of tlie patient, 
he may be seen craning over the body of his stertorous and semi-asphysi- 
ated victim, Btri\Tng with childish curiosity to follow the details of an opera- 
tion for perineal section, or for the rehef of a vesico-vaginal fistula, l^uch 
misiilaced attention is entirely wrong. The assistant who is charged with 
the responsibility of maintaining the auu^sthetic state should entertain no 
othei' cai-e. He should devote himself to the most conscientious study of 
the phenomena which attend that conthtion, leaving for another occasion 
the obsei-vation and study of the siu-gical operation for which anrosthesia 
is induced. 

Having prepared the [latieut by adjustment of the clothing m such a 
manner that there shall be no compression of the thorax or constriction of 
the channels of respiration and circulation in the neck, the administration 
of ether may be commenced. The assistant to whom this process has been 
confided should stand either at the head of the recumbent patient, or at his 
right side, where he can conveniently hold the inhaling apparatus with one 
hand, while ivith the other he' can ascertain the condition of the pulse. 
The ordiuary inhaler is the best — a napkin twisted into a cone, and placed 
in a conical sheath of 2>aper or of leather. This napkin should not receive 
more than a drachm of chloroform at once, but it may he saturated with 
ether. At first it should be appixtached gradually toward the face, in a 
manner calculated to avoid giving alarm to the patient. By this method 
the feeling of suffocation and of instinctive apprehension, Which otherwise 
might lead to furious agitation on the part of the i>atient, may be in great 
measure obviated. A few encouraging words at this moment are often 
needed to reassure the patient, engaging him to inspire deeply, for the pur- 
pose of abbreviating the period of excitement As the inspiratory pitssages 
become accustomed to the vapor, and as the phenomena of laiTngeal irri- 
tation disappear, the iulioler may be placed near tlie face, so as to exclude 
the greater portion of air unmixed with the antesthetic vapor. The conical 
sheath s!iou1l1 be supported by resting the little finger of the baud wliieh 
holds it upon the malar prominence of the iace. By this method the appa- 
r» cosily be carried farther from the bice if occasion should require 
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the admission of more air. The temporal artery can at the same time be 
utilized for observatiou of the conditiou of the circulation. 

The induction of tuueetheBia should proceed at a moderate mte. From 
five to ten niinut«a are ordinarily required for the complete subjection of 
an adult male. Childreu yield more rapidly to the soporific iutluence. 
The patieut should not be deluged with the vapor, aa some surgeons have 
advised. AMien etlier is employed, the napkin may be saturated, but it 
should not ovei-flow. A neglect of these precautions may arouse IJiat ex- 
citement which is so imfavortible to snfetj' through its tendency to develop 
the phenomena of syncope, or it may even occasion tlie addition of asphyxia 
to autesthesio. A tur^d condition of the veins of the bead and neck, asso- 
ciated with a dusky color of the surface, especially if there be muscular rig- 
idity, rapid and irregidm- pulse, and an excited state of i-espiration, should 
always lead to a portiul suspension of the auiesthetie. Hore oxygen is 
needed by the tiasuea ; imd, until these symptoms subside, the inhaler 
should be raised fi-om the face. 

It is desirable, so isu: as ]K)ssible, to maintain a uniform rate of inhalation, 
and a \miform saturation of the air that is passed into the lungs. This, 
however, can be only approximately maintained. The administrator should 
test the condition of the napkin by approaching it tpiicMy to his own nos- 
trils. The relative pungency of the emanating vapor will afford the means 
of deciding the time for adding to the amount of the anaesthetic already 
poured into the iuhaler. The act of replenishment should be performed 
with the least possible delay, especially when the more volatile substances 
are employed. When the inhaler is restored to its position before the 
mouth, it should be rather gradually approached to the face, in order to 
permit a sufBcieut degree of dilution of the highly concentrated vapor that 
is first given off by the newly charged apparatus. 

Certain deviations fi-om the quiet progress of amestbesia ai-e very com- 
monly encountered. The surgeon should understand their significjmce, and 
be prepared to act accordingly. Of these in-eguloi-itiea a disposition to cough 
is usually the first to appear. This ia very common at the commencement 
of inhalation, and ia the i-esult of direct ii-ritation of the superior laryngeal 
nerves. It usually is slight and transitory, reqiiiring no special attention ; 
but if it persists nith severity, and, particularly, if it be associated with any 
appearance of dyspncea or tendency to asphyxia, the administration of the 
vapor should be susiiended until quiet is restored. 

The patient will sometimes offer a violent resistance to the attempt at 
etberizadou. This is usually an automatic effort, which originates during 
the period of semi -consciousness, before the induction of complete anastiie- 
sia. Under such circumstances it is not uncommon to see a half-dozen 
assistants throwing themselves upou the struggling form of theii' victim, 
irhile several youthful doctors deluge bis head and face with a shower of 
ether — jifrhaps eveu chloroform may be discharged upon him with almost 
equal liberality. Such a course is imprudent, to say the least. Nor is it 
necessary. With patience and perBcverance, employing a little more time 
than usual, the most intractable individual can ordinarily be subdued with- 
out recourse to violence. It should always be kept in mind that these vio- 
lent coses belong precisely to that class in which the transition from the 
exdtemeut of delirium to the collapse of syncope is so often sudden aud 
dangerous. 

It sometimes happens, during the commi of orderly inhalation, that the 
patient will suddenly grow pale imd mil attempt to vomit. The stomach 
does not disgorge its contents, but the chest and the abdomen heave with 
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ineSectu* effort. TLe ptilae vnll be found rapid and feeble, demandlug an^H 
imniediute euttpeneion of the process of etherizntion. ^^M 

Tliut yort of respiratory forgetfulness, of wliicli meution htte been mods 
in B previous section, in which the respiratory moTenienta are slow and 
feeble, 'with ix>usiderable intermissions, ciUls for stimulstioii of the functioa. 
If Uie pujse is good, the condition need not excite alanu. Cowpreasion of 
the abdomen, espoBure of the ohest to the mi', the vwious methods of excit- 
ing reflex action, will suffice to arouse the energy of die respiratory appara- 
tus without suspension of the pixKess of inhalation. But if the I'e^imtorf 
intermisaioDS are the result of laryngeal spasm, the phenomena of asphyxia 
appear immediately, and the patient is in danger. The ansesthetic should 
be removed until all convulsive symptoms have disappeared, and tlie circu- 
lation and respiration have resumed their normal course. It sometimes 
happens that persons of a nervous temperament — especially if they ajiproach 
the operator with apprehension and alarm — will exhibit their mental per- 
turbation by a sobbing respiration. This need not excite anxiety on the 
jiart of the o]>erator, if the pulse does not give way. If the circulation 
becomes enfeebled, or if symptoms of aBph_\-xia are manifested, a brief delay 
will usually suffice to remove all unpleasant pheuomena. The process of 
inhalation may then be resumed. 

The stateof the circulation should receive constant attention. By many 
surgeons it lias been considei'ed sufficient to wtitch the respiration, but the 
condition of the pulse is the best guide to an interpi'etation of the respira- 
tory symptoms. It is desirable that the rate and the quahty of the pulse 
should be frequently observed ; in fact, if the more potent aniesthetica, like 
chloroform, are employed, the finger of the observer should scarcely quit 
the aiiery of the patient 

Every suddeu modification of the mte or volume of the pulse should 
place the surgeon on his guard. It is true that the period of complete 
imKsthesia is characterized by a diminution of the number of beats ; but 
this diminution is gradual, and does not occur before the development of 
unconsciousness. A small, hard pulse need not cause suspension of the 
act of inhalation. The admission of more air will be sufficient. But if the 
jmlse becomes intemiittent and thready, the danger of syncope is imme- 
tliate. Etherization should at ouce be arrested ; the head of the patient 
should be depressed ; the face and chest may be sprinkled wiUi cold 
water ; the surface of the body may be rubbed in a manner favorable to 
the propulsion of the blood through the capillaiy net^work of the skin. 
Usually these measures 01*6 sufficient ; but if syncope should be fully de- 
chtred, it will become necessary without delay to have recourse to the more 
energetic measures to be deucrihed in the chapter which treats of the acci- 
dents of aniesthesia. Sometimes these notes of alarm — these precursors 
of danger — ai'e repeated more than once dming tlie course of on attempt 
to produce artiticifd anresthesia, Tlie operation should, in such cases, be 
:-UJoumed, if unfavorable symptoms follow the exhibition of sulphuric 
ether. If chloroform or any one of its congeners has been the cause of the 
difficulty, it should at ouce be discarded in favor of the milder anEBsthetic- 
In fact, were sulphuric ether the only aueesthetic agent employed by inhala- 
tion, the DumerouB cautions and precautions which are now found needful 
when speaking in geueral terms of anietheBia, would be less needful 

Ejjileptiform, or even epileptic convulsions, sometimes occur during the 
admin istratiou of aufesthetics. Such an event need uot excite olai-m, unless . m 
it be the climax of previous excitement in a subject who has uever exi^eri- I 
1 such symptoms of disease in his normal condition. For all the or— J 
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dinary forma of convulsive seizure tlje induction of nncestheaiit nfiorJs the 
best means of relief. The occuiTence of a convulsion sliould therefore con- 
stitute no reason for the cessation of inhalation. 

The conilition of complete ftiiicstheaift may be recognized by the moder- 
ation of the puLie and the respiration. The patieut lies quietly tut if in a 
deep sleep. The movementa of respiration are regular, and rather leas fre- 
quent than the normal rate. Inspiration is deeijer, and sometimes accom- 
panied by snoring. The pulse becomes full, soft, and scarcely accelerated 
— aometimes even slower than at the commencement of inh^tion. The 
e:q>ression of the countenance is tranquil, the eyes are closed, the musc^u- 
lar system is relaxed. A favorite method of asi^rtairung this fact is by 
raising an arm of the patient and then allowing it to drop by his side. If 
the stage of complete annestheaia hag been reached, the limb will fall like an 
inert mass, showing that the muscles uo longer present any resistance to 
the action of gi-ai-ity. If any degree of rigiility [>er9iBta — a fact ■which may 
be readily aacertaiued by imdertoking to mate flexion of the ann at the 
elbow-joint — the patient is not fuLy etherized. The cutaneous sensibility 
may also be tested by pinching the skin sharply between the nails of the 
finger and thumb. The indications thus obtained ai-e more reliable than 
the results of touching the conjunctiva of the eye. 

When complete insensibili^ has been Urns determined, the onsesthetio 
state should be carefully maintained by the continual administration of 
small quantities of the vapor. This method should be preferred to the com- 
mon practice of intermittent inhalation, diuing the intervals of which the 
patient la hnble to partial emergence from the condition of unconscious- 
ness, necessitating, perhaps, a suspension of the operation imtil aniMthesia 
can be agaiu induced, ^ter the conclusion of the operation, the jtatient 
should be allowed to remain in quiet until consciousness is fully restored. 
The condition of the pidse and of the reaph-ation should still be observed 
until it ia evident that the depressing effects of the anwstlietic have entirely 
disappeai-ed. Not before that time is it safe to agitate the sulTerer by re- 
moral from the place of operation. For a considerable time, if there has 
been any great loss of blood, he should not be allowed to sit up, for 
fear of d^gerous syncope. The diminution of bodily heat, which is one 
of the direct consequences of anii?sthetio interference with the molecular 
changes within the body, will often require the appHcation of artificial IteaL 
Wine and ammonia should be given if the circulation remain enfeebled 
after the return of couBciousnesa. If severe pain ia likely to continue, or 
to follow after the oijeratiou, it ia advisable to administer u hji)odennic in- 
jection of moi'phine before the renewal of sensation. 

Sometimes the first emergence of the patient from the antesthetic state 
is complicated by the occurrence of a aevei-e chill. This, however, is usu- 
ally of short duration, yielding readily to oi'dinary restorative measures. 
But such an occuirence marks a profound dii^turbance of the ganglia at the 
base of the brain, and it should serve to render the surgeon doubly atten- 
tive to the condition of his charge — for it is sometimes the prelude to a 
very distreaaing series of nervous phenomena cliaracteriatic of irritable 
weakneas. 

A renewid of hemorrhage from the wound is not an infrequent < 
quence of emergence from artificial amesthesia. This will usually be found 
to depend upon an increased vigor of the circulation, by wliicu blood is 
forced out of the incised extremities of arterial twigs which were collapsed, 
and thus hml escajied notice during the period of autestliesia. For this reason 
many surgeous prefer to delay the final dressing of the wound until a oer- 
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tain time has elapsed nftcr the reotOTtil of the anaesthetic. Ijuder 
cmnstanceB the wound, if involving any considerable veseel, should be kept 
under obseiration until the normiQ circulation has been renewed. 

The proceBB of i-ecovery after operation is seldom affected in an \mfiiT- 
orable manner by the previous induction of iinieatheaia. A few Burgeons 
have attributed secondary hemorrhages, prolonged suppuration, and other 
accidents, to a constitutional condition supposed to be induced bj the oa- 
a^sthetic. But the opinion of the vast majority of experienced men is un- 
favorable to this view. It ia difficult to comprehend the possibility of such 
a result from a single brief contact of the tiHaues vrith a volatile liquid that 
does not enter into combination viith their subsUmce. In all such unfav- 
orable cases the difGculty may be with for greater certainty traced to n 
previous condition of cachexia. 

It was the opinion of Sir James T. Simpson, based upon his compari- 
son of the statistics of British hospitals, for the times before and aftei- the 
introduction of artificial anesthesia into surgical practice, that the mortal- 
ity after surgical operations was diminished by the use of anaesthetics. 
But such a question is exceedingly difficult of decision by the statistical 
method. So many other facts must be taken into consideration, that the 
infiuence of etherization really occupies a relatively insignificant space in 
the list of agents which operate in favor of or against the recovery of the 
patient. The great improvements in hospital construction and hospital 
hygiene that were initiated about the time that etherization was intro- 
duced, have undoubtedly contributed the largest share of the influences 
that have tended to depress the rate of mortabty after surgical operations. 
But it may be admitted, ivitbout fear of contradiction, that any process 
which diminishes the terrors of operation will be likely to economize the 
vital powers of the individual, and so far forth to increase his abili^ to sui'- 
mount the dangers through wluch he muut pass. 
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The liquid anEoathetics will produce insensibility if swallowed in suffi- 
cient quantity-. But this method of producing auKsthesia is attended with 
dangers which render it quite inapphcable in practice. For the induction 
of artificial ansesthesia, it is therefore necessary to introduce the agent, in 
the form of a, gas or vapor, through the medium of the respiratory pas- 
sages. In this way insensibihty may be very easily and quickly effecteil. 

Unfortunately, however, the inhalation of the concentrated vapor of 
certain aniesthetics is a dangerous proceeding. If the amount of diloro- 
form vapor exceeds a certain percentage to the air that is inspired, death 
is the immediate result. According to the experiments of Lallemand, Fei> 
rin, and Duroy, mammals can live in an atmosphere containing four per 
cent of the vapor of chloroform ; but if the quantity be increased to eight 
per cent., they very soon cease to breathe. In Dr. Snow's experiments, 
warm-blooded animals were killed by an atmosphere containing only 
percent, of chloroform. Now, it bos been ascertained thatat the temperatu: 
of 15.5° (60° F.) the air will take up twelve per cent, of chloroform vapor ; 
consequently it is a vety easy matter to fill the lungs with a deadly atmos- 
phere, if special precautions lU-o not taken to prevent the saturation of the 
air. For this purpose various forms of apparatus have been contrived, 
having for their common object the sufficient dilution of the antesthetio 
vapor. Besides these ordinary' inlialers, a special form of appai-ati 
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censaxy in oriler to facilitate the iulialation of nitroua oxide gas — tlie piia- 
cipal object being the escluaiou of atmospheric aii' aud the inti'oductioiL of 
the undiluted gas. During the past few yearH a inodihcation of thia ap- 
paratus has been devised by &Ir. Clover, of !Loudou, in order to permit 
the concurrent inhalation of nitrous oxide gas and ethereal vapors. 

Theoretically, many of these complicated contrivances, with their valves, 
and stop-cocks, and mouth-pieces, and resei-voira, are very perfect ; but, 
practic^y, the majority of them are quite useless — some of them are posi- 
tively dangerous. The reason of tliiH lies in the fact that they do not ac- 
complish that for which they have been deviued — the uniform and sufficient 
dilution of tlie anieathetie vapor. Besides this difficulty is the equally 
important fact that a defluite dilution of the more powerful anicathetica is 
no safeguard against danger in their use. A dose which produces no ap- 
preciable harm in thousands of cases will promptly desti'oy the life of a 
susceptible patient. It is not so much the excessive percentage of vapor 
that kills as it is the excess of vapor without regard to percentage. The 
amount that constitutes an excess varies with the individual. What is ex- 
cess for one patient is the extreme of moderation for another. The vary- 
ing conditions of the same patient, as regards his health, or vigor, also 
exercise a great effect upon the volatiou between the living tissues and the 
aniBsthetic substance. Consequently a person may succiunb to-day in tJie 
presence of a dose which he has on previous occasions received without 
the slightest risk. The rate of inhalation has a very decided intluence 
upon the risks that attend the act. There is, on the part of the living units 
which compose the animal body, a power of gi-adual self-adjustment to 
altered conditions of existence. But, if the process of mljustment is urged 
too rapidly, that equilibrium of forces by which the continuous manifesta- 
tion of vital phenomena is maintained is violently overthroivn, and vital 
phenomena can no longer be exhibited by that particular congeries of 
molecules. It is for this reason that all sudden shocks ai-e so much more 
dangerous than the gi-adual application of the same luuount of force. It is 
for this reason that the commencement of etherization should always be 
slowly and cautiously introduced. It is for this reason that alt rapid an- 
tc«thesia is moi-e dangerous than that which proceeds by gradual induction. 
Now, the fault of the majority of the forms of inhaling apparatus consists 
in the fact that tlieso contrivances either do not sufficiently provide for 
the gradual increase of the proportion of the ancesthetic vapor that ia 
inhaled, or. if they do profess to accomphsh such gradual increase, the 
profession is more nominal than real. The percentage of vapor will vary 
with changes in the temperature of the atmosphere to such an extent that, 
when the administrator supposes his apparatus to be safely evolving three 
per cent of chloroform vapor, it may actually be liberating five per cent., 
or even a larger proportion. The patient will therefore be placed in cir- 
ctiiastaneea of greater danger than if the operittor had dispensed with all 
forma of apparatus. Since the dangers depend so largely up<L>ii tlie iuterqal 
reaotions which take place, it is far more impoitant to watch the condition 
of Uie patient than to provide for a uniform dilution of the vapor. The 
simplest method of dispensing the vapor is, therefore, the best. Vapoiizn- 
tion by evaporation from a towel is always practicable, and is a method 
quil£ as safe as any that has yet been devised. It has the advantage which 
attaches to a method that is simple, easy, and as free fa-om dimger as any- 
thing connected with aniestheaia can be. The napkin can, moi'eover, 
always be fmiiishetl in a cleanly conditiou for each patient, which is A 
great deal more than tttui be said t>l the Qltby moutb-ptcces that ore so often 
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seen nhere iuLalerg are in fashion. The operator can as readily contrcA^ 
the rate of inhalation, when using a napkin, as it ia possible for Mm to do 
when emplo^Dg a complicated piece of apparatus bj which tlie foce is 
concealed, and the actual condition of the patient ia in too gi-eat meaeura 
hidden from view. By removing the napkin a little from the face at the 
commencement of inhalation, and for a few seconds after each reinforce- 
ment, the quantity of vapor that is inlialed can be intelligeutlj controlled 
and regulated by its pliyKiological effects rather than by any arbitrary 
method of admixture with the air that is breathed. In ahoi't, it is by refer- 
ence to the quantity of the amesthetic substance in contact with thetissuea 
of the body that the process of inhalation must be regulated. The opera- 
tor should let nothing intervene between himself and Ids patient. 

For all ordinary inhalations, then, a simple napkin, a bit of list, ft 
handkerchief — almost any porous substance that can be adapted to the face 
—is quite sufficient When chloroform is administered, there should be 
no restraint placed upon its evaporation and diffusion through the air ; 
but, if sulphuric ether ia used, it may be contined by a cone of paper or of j 




leather, open at the apex, and placed outside of the toweh Unless this 1 
conical sheath is open at its apex, there may be danger of almost complete 1 
esclusiou of the air, as the towel becomes wet and heavy enough to collapse i 
upon the face of the patient. _ I 

The earliest form of appai-atus for inhalation was the glass globe witt I 
double tubulation, demised by Morton for his earhest experiments. Thia, I 
however, was soon discanled. The Enghsh physician, Hnow, devised an I 
inhaler, which was really only a modification of Morton's original apparataa. I 
The above illustration wdl exhibit the principle that govei-ns the con-| 
Btructioii and use of all such articles. _ 

Dr. Sansom undertook the introduction of an inhaler for chloroform, % 
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which is representeil by the following cut. This piece of apparatus differs 
principally from Dr. hinow's inhaler by the Bubstitutioa of » gutta-percha 
jacket in place of the water-bath which auirounds the chloroform cylinder. 
The flexible dehvery-tube ia replaced by a double sheathing tube which is 
provided with a rotatory joint at ito point of junction with the cylinder, bo 
that it can be adapted for convenient use in the sitting posture, as well as 
in tlie recumbent attitude. In order to regulate the admission of air for 
the dilution of the chloroform vapor, the inner and outer casings of the de- 





livery-tube are perforated with hcles, which by a rotatory movement of thfl 
outer aheath may be mode to coincide hi a more or less perfect manner. 
When thus rotated into coincidence, these apertures admit the estemal air 
with perfect freedom, and the vapor of chloroform ia scarcely perceptible in 
the mixture. This ia the proper arrangement for the commencement of 
inhalation. As the patient becomes accustomed to the antt'sthetic, so that 
it ceases to irritate tiie air-pasaages, the admiuisti'ator is exjiected to rotatfi 
the external sheath in such a manner that the communications with the ex- 
ternal atmostihere shall be graduaUy closed. The final closure of the aper- 
ture in the &j^e-piece reduces the apparatus to a condition virtually identi- 
cal with the mechanism of fSnow's inhaler. It then exhibits substantially 
the same odvantJigea and disadvantages that exist in connection with that 
instrument. 

Various other forma of inhaling apparatus have been contrived for the 
purpose of graduating the quantity of chloroform vapor that is furnished 
to the patient, but not one of them is capable of self- adaptation to the con- 
tinually varying necessities of each particular case. The operator is com- 
pelled at each instant to intervene in order to compel the instrument to 
accomplish what can be as easily effected without it Intelligent surgeons 
have, tiieretore, generally abandoned the uae of compUcated apparatus, and 
now content themselves vrith a simple napkin, or, at the most, with some- 
thing which is essentially nothing more than a napkin-holder. This fact ia 
well illustrated by the methods of Billroth (Ckicago Med. Joum., p. 617, 
June, 1880), who uses nothing but n strip of cotton-flannel, stretched over 
a metallic frame, and held about an inch from the face of the patient. 
Upon this cloth the anicatlietic is carefully poured, in quantities dictated 
by the peculiarities of each individual case. A somewhat ambitious form 
of the same thing is thus described by Dr. L. Timibull, in his work on " Ar- 
tificial Antesthesia " (p. 249), under tlie name of Skinner s Chloroform Inhal- 
ing Appoi-atua, as a wire frame " in the form of a acoop-net, which, when 
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in use, is covered mih a thin flannel or domette drawn tigM. There ib ; 
accompanying gi-een glaKs bottle for the chlorofonn, with a stopper and I 
cap, and on removal of which a tubular stopper in fitted ao as to use it for a | 
dropper. . . . Wheu soiled, or, indeed, aft«r administering chlorofonn i 
to Emj patient, a fresh cover should always be put on. . . ." 

Tne theoretical importance of fumishing for inhalation a vapor of defi- 
nite and uniform strenpth led Mr. Clover, the veteran London anBssthe- ] 





tizer, to dcviae a method of inhalation that wsh tiiue described by Sansom 
(Op. cit., p. 179) r " The apparatus he emplo3-8 is, fii-st, a baj; for contain- 
ing the aniestbetic mixture ; secondly, an arrangement for filling the bag 
with a certain proportion of cliloroiorm and air. The bag is of a large 
size, capable of containing eufGcient of the chloroform-atmosphere to serve 
for several cases of inhalation. It is lined with a film of a materitd (such 
as gold-beater's skin) which is capable of resisting the solvent action of 
chlorofoi-m. A flexible tube leads from the bag to the moutb-piece, wbioh 
is of the same confoiTnation as tbat described as Dr. Sibson's ; but Mr. 
Clover has introduced an impi'ovement, by usin" for the valves thin plateft 
of ivory, supported by spiral springs. The iudia nibber which ia usually 
employed for the valves is apt to curl up. 

" The apparatus for filling the bag with tlie atmosphei-e for inhalatioil 
consists of a bellows, shaped like a concertina, with a receptacle for a 
definite amount of chloroform attached to its nuzzle. This receptacle is a 
metallic box, which is kept warm by an interstratum of hot water, so as to 
facilitate the evaporation of the chloroform, which is received on blotting- 
paper ill its iuteiior. The hd of the box contains an nperture for the re- 
ception of u graduated syringe, by which the chloi-oform is supplied. Op- 
posite that part of the box to which the nozzle of the bellows is attached is 
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an ujjBu tube, to which the bag can be iwlapted. Tlie appai-atus being thus 
connected, air ia blown over tie chloroform into the bag by means of the 
liellows. For each thouBitnd cubic iucliea of air which the bellows throws 
in. forty minims of chloroform are supplied by means of tlm syringe. 
Thus, since forty minims of chloroform produce about forty-five cubic 
inches of vapor, the atmosphere in the bag contains 4 J^ per cent, of chloro- 
form vapor. Of course, the percentage is determined at htU by the 
amount of chloroform supplied. 

" When sufficient of the atmosphere has been thus prepared, the bag is 
detached from the metallic box and the mouth-piece applied. It is then 
Buspended in a convenient position from the coUar of ttie administrator's 
coat The position of administrator and patient is seen in the engrav- 
ing." 




The advantage of this method of administration consists in the uniform 
strength of the vapor in the bag. But it has to be further diluted by 
manipulation of the valve in the mouth-piece as inhalation proceeds, con- 
sequently the advantage secured by the reservoir is quite neutraJized by 
the mouth-piece, and the apparent superiority of tlie method ia quite 
Dflgatiye in practice. 



ETHER-INHALERS. 

The practical immunity from danger which attends the inlialatiou of 
the vapor of sulphuric ether, renders it almost uunecessaiy to employ any 
sp«ciij precautions against too great concentration of the vapoi-. " The 
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dispated tlmngfa tfae air, and it irf no 
use vkaterer — maj ei«) be a soutm of 
great aunoTaiMx to the surgeon a&d to 
Ida assistants. To obnate this incon- 
Teoience, it is eustonurr to aurrmm d the 
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■nrenton who hare tamed their attention to the construction of ether-in- 
halm One of the simplest and best of these articlee is the inhaler 
isrented br Dr. Lente. of New fork. 

da conaiato merely of a modified cone — whicli mav be constnided of 
nelal, wood, gnttap-percha, celluloid, or any other convenient ntnterial^ 
pvmided with a couiioned rim, fitted as nearly as ]iosaibte to the contour 
o< the face^ Wben used, the cone is filled n-ith sheet lint, which should be 
rmoTed after each inhalation, in order to secure cleanliness. The apex of 
the oooe ta dosed with a cork, which should be removed if the rim of the 
mouth-piece fit« too closely to the face. Ether may be pom-ed through 
thia apiTial opening without removing the inhaler from the, face. 

Dr. Jo«epl] \V. Heam, of Fhila<lelphia, has introduced an inhaler which 
difftm from Dr. Lente's only in the direction of greater compleiity of 
Btructore. 

It in impoaeible to describe all the forme of inhaling appiiratus which 
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have been reconimencletl, without giving to a acientific treatise the napect 
of ft surgical-iiistnuiKiit makt'i-'s putalogiie. Those who ai'e cuiious in 




such matters will find abimtlant Htimulua to their inventive facultie-B upon 
the pages of any work that treats of sui-gicol anDsetbesia. The principle 
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which should guide the construction of theae varied iustrumentn in the 
Bame, to wit : a free admission to the luuga of air that has been as nearly aa 
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^^P - ^iMM^''^^i'''^'^<l ^^^ etber-i-ELpoF, while the >;enenJ diffitsiou of tbAt^^f 
^P Wyif Wtfaride o( Uie body is hinilered iu everv' wny consistent with unim- ^^ 

(ledefl respiration on the part of the patient. Thie matter of animpeded 
m<piratiou lias not, however, always received (lie consideratiou to wliieli it 
in eutitted. ^Vitue8B the following description of the small clover appa- 

ITiiH consistB of a metallic container A, for ths reception of liquid ether, ^H 
wbich may be introduced through the funnel mouth a. The ether-Tessd ^H 
in ■i)herical and one-half is sunotuided by water, introduced into the cham- ^| 
htn- r. throuffh the opening at b, to prevent the ether from becoming too 
rolJ by rapid evaporation. The container is traverse<l by a jointed tube, 
J*f 1, P{ 2. which opens a commtinication between the rubber bag B and the 
laouth'piece C The face-piece is edged with an air-cushion. The ether ^^ 
vessel and wnter-cluunbcr rotate upon the month of the hce-piece C. ^H 
Wlien the inatrument is first applied, the stopper at b should stand oppo- ^H 
site the forehead of the patient, who then breathes directly in and out of -^H 
the bag li. As the ether-vessel is turned round, tlie iiir is obhged to ent«r ^^ 
the ether-chnmber and jukss through it before it reaches the bag ; and when 
the vessel is turned half round, so that the etopijer ') is opposite the chin 
of the patient, all the air going in and out of the hug must pass througtl 
the ether-veaseL 

The objections to this apparatus are those whioh lie against all forms of 
inhaling apparatus. It is heavy, inconvenient, and unclean. By continu- 
ous respiration of the contents of the rubber bag B, the phenomena of ampa- 
thesia by cjirbonic anhydride are added to the effects of etlier vapor. 
Mr. Clover himself admits, the thing " is rather too compHcated for g 
eral use." 

A method of producing aniesthesin by combined udiahitiou of nitrouB 1 
oxide gas imd ether vapor is now employed by certain experimenters. It is * 
convenient in this operation to use a form of appai-atus tJiat will permit the i 
alternate inhalation of these substances. 



NITROUS OXIDE INHALEIia 

The great desideratum in the use of nitrous ozide gas is an inhaler 
which shall not be heavj- and clumsy, but which ahiJl at tlie same time fur- 
nish space sufficient for the free passage of gas iu and out of the mouth. 
The older inhalers consisted of little more than a mouth-piece, connected 
with the gas-tube, or a mouth-piece and gas-tube, which required the use 
of a clamp to close the nostrils in a manner to prevent the admission of 
atmospheric air through the nose. Sometimes, in the absence of a clamp, 
the patient was expected to hold hia own nose, or perhaps the operator 
might volunteer that gentle ser\ice. , 

Tlie sensation of suSbcation thus produced was anything but agreeable. 
Great difficulty has always been experienced iu securing a imiform adaptor 
lion of the same mouth-piece to different conn ten an ccs. For obvious rea- 
sons, an inflexible inhaler that liappened to fit the cheeks of a youthful 
maiden in her prime, would not be verj- liiely to exclude the external air 
when pressed ar;itinst tlie emaciated features of a bearded invalid. Messrs. 
Codmau i.*^ Shurtleff, the ingenious instruinent^makers in Boston, have suc- 
ceeded in producing a piece of apparatus which suiinounts all these difficul- 
ties in a manner more ellectual than the similar attempts of any other in- 
strument of this sort (see Figs. 1, 2, and 3, pp. 43 and 44). 
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Tlio Ggnre on pnge 44 repreaejilH this inhaler ^tli the ether-reservoir 
attuubed in place of the giis-tube leading to the gasometer for nitrouii 
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oxide gas. The ether is poured through tlie openiug G. upon a sponge or 
piece of lint placed iu the resei-voii- F. The simpUcity nud cleaiJiueBS of 
this ai^uratus must couimend it to till who are oblige>l to resort to the use 




of nitrous oxide gas. The gi'eat seoret of comfort in the employment of Rueh 
an inhfllerwill be found iu the perfectiou of its lalvea and in the Hufficieiicy 



I 



of omplitudo iu the LUimieter oi itB pimsages. Their anuJleBt diameter J 
should But be leas than the tlinmeter of the glottis. If this degree of wiilUi ] 




Is not secured, the respiration of the patient will become labored aod dia- ' 
tresMing, iis if actiiftl suflbcation were esperienced. 



ACCIDENTS OF AN^STITESIA. 

In ti-eating of the fatal residts which occasionally follow the employ- 
ment of an anasthetic agent, it is not deemed necessary t" discusfl tliose 
cases in whii'h death has occurred with an interval of luauy hours, or after a 
number of days have passed, since the inhalation. Ouly those cases will 
be considered in which alarming symptoms or cesBatiou of life have super- 
vened during the administration of the aiiKathetic, or before the normal 
conclusion of the period of auffistheida. 

In certain rare cases deatli occurs suddenly, without any note of warn- 
ing. The process of inhalation has proceeded without disturbance. The 
patient has remained quiet, and has seemed perfectly tolerant of the TapoCi 
when all at once I'espiratiou ceases and the heart stops. This accident 
may occur at any time, before or after the production of complete insen- 
sibility, and it is commonly witnessed among patients who have been 
greatly enfeebled by previous disease or by hemon-hage. It may be termed 
the adynamic form of accident. 

Death by suffocation may occur dmiag the administration of ether or 
chloi-ofoi-m, as a consequence of maladjustment of the inhaling apparatufi, 
BO that atmospheric air is excluded from the lungs. This can only occur 
as the result of great negligence or great ignoi-ance on Ihe part of tlio 
operator. More frequently the phenomena of asiihjsia are escited by 
local irritations produced by the particular agent that in employed. The 
vapor of chloroform is very initatmg to the oral, pharyngeal, and laryngeal 
branches of the fifth, ninth, and tenth pairs of cranial nervea ; and the re- 
Sex energies of certain patients are greatly excited by local contact of the 
vapor witii the tenuinal branches of these nerves iu the localities indi- 
cated- The patient seems to esjierience a degree of suffocation as soon as 
the act of inhalation is commenced. He coughs convulsively ; the veins of 
the head and neck become tiu'gid with black blood. The skin is livid ; 
perspiration covei's the surface. There is a convulsive effort to escape 
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from the vaporizing apparatus, and after a few brief Btniggles the unlor- 
tun&tfl victim is dead. 

Such accidentfl, hajipily, are esceedincfly rare. More frequently tlie 
intervention of danger manifests itself otherwise. The stage of excite- 
ment is imUBually prolonged ; the patient dooB not jield to the stupefying 
effects of the vapor, or, if he seems for a moment to become unconscious, 
the excitement is again and agniu renewed. The muscles may pass into a 
condition of rigidity, during which the pulse suddenly disap[>ears, respi- 
ration ceases, the face assumes a corpse-like hue, and death occurs. 

By whatever antecedents the event is ushered in, the final mode of 
death is essentially the same — an abrupt cessation of respiration and cir- 
culation. It is not the result of obstructed breathing, except in those rare 
examples of death from actual suffocation, either by mal-adjustmeut of the 
inhaling appamtus or through an occlusion of the larj-nx by intrusion of a 
morsel of food brought from the stomach by the act of vomiting. Unless 
thus complicated, death is the direct result of the toxic action of the an- 
BEsthetic upon the nerve-centres which preside over the functions of respi- 
ration and circulation. A minor degree of asphyxia may accompany this 
toxic action in the cases where death occurs during tiie early sta^e of 
etherization, characterized by an unusual degree of huyngeal and respira- 
tory spasm ; but even then it is the ana-sthetic rather than the al>sence of 
oxygen which is the principal efficient cause of a fatal result. Post-moi-- 
tem examination of flie body confirms this opinion, for in the vast major- 
ity of cases — in all cases which are not confessedly the result of direct 
suffocation — the blood has not the black arid viscous appearance which it 
displays otter death by occlusion of the air-passages. It is unifomdy tlis- 
tributed tlux»ughout the circulatory channels instead of being accumu- 
lated in the large veins and iii the right side of the heart. Its color, also, 
approaches the normal coloration of oxygenated blood — darker than nor- 
nial blomi, but still of a brighter color on the arterial than u[Kin the venous 
Bide of the circulatory apparatus. Various local congestions upon the 
suT&ce of the brain, in the mucous membrane of the bronclii, or in tlie 
parenchyma of the hmgs, etc. , are too variable in their character and pres- 
ence to be considered among the causes of death. They are, doubtless, 
more frequently than not the result of the convulsive struggles of the 
patient during the period of excitement 

The manner of death during ann>sthesia is often, in its abruptness and 
in its essential features, closely related to the occurrence of syncope. In 
both cases there is often a period of exaggerated excitement, followed by 
Budden failui-e of \ital phenomena, and, in certain instances, by death it- 
Belt But there is between the two conditions the capital difference created 
by the presence of a toxic agent in one case, and its absence ui the other, 
X>eath from etherization is the consequence of a genuine toxicniia. Death 
from syncope is the residt of a certain specific disturbance of the nervous 
eqiiihbrium which should be maintained between the different nervous 
centres of the body. In many cases syncope is the immediate antecedent 
of death in the course of amesthesia ; but the final result is the consequence 
of syncope jilus ethereal intoxicatioH. 

A consideration of the manner in which the mode of death may be 
ebanged by variations in the magnitude of a fatal dose of liydi-ocyanic acid 
will serve to explain the different modes of death which occur under the 
iofiueuce of surgical amesthetics. H. C Wood ("Therapeutics, Materia 
ftledica, and Toxicology," second edition, p. 173) states that, after the ad- 
uiiiiiBtiation of the acid in on amount just suf&cient to kill, " no pheuom* 
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ena are offereil for soiae secotKlu ; Uien tlie bj'cwUiiuy becomes labored, 
nnd Uie pulse hIow nnit fiilL Tlie animal perliitpu cries out, aiul muBColor 
tremblinyM javude tlte wliule body, to give plai-e, in a veiy short time, to 
clonio ami tonio uonvulsionu, wbifli continue at interrala until the third 
irtAge, that of eollftpse, is deTeloi>eil. The con^iUaiona are lesa Tiolent and 
leas frequeut than thoee of the acute poieoniug ; all the Bj-mptoma noted 
as ocourring during the second stage of rapid cases ai'e present in tiia eor- 
lesponding period of the subacute poisoning, although less violent and 
less intense in their manifestations. '\\'hea the third stage is developed, 
tlie anxsthesia is marked, affecting first the bind leg, but finally spread- 
ing to all parts of the body, and even being complete in the widely dilated 
pupil. Death finally resiilta from failure of respiration." 

The parallel between tliese symptoms, and the phenomena which are 
observed in the majority of deaths irom ether and in many of the deatha 
from chloroform, is very close. 

Wood fui-ther describes the symptoms of acute poisoning with large 
doses of hydrocyanic acid as foUowa : 

"The animal gasps once or twice, and then justantly falls iuton tetania 
or clonic convulsion, or else ilropa motionless and powerless upon it« 
aide. In either ca.se, at once the sigua of asphyxia manifest themselves 
and grow more and more intense, until they end in total arrest of respi- 
ration. The heai-t beats irregularly, often at fii-sfc slowly and strongly, with 
intervals of suspension of movement, but alwaj-a becoming weaker and 
more rapid in its action, until, after the breathing has ceased, its efibrta 
gradually die away. If the dose has been enormous, Che heart and lunga 
may stop aotiitg at otux ; otherwise tlie cardiac pulsations may continue 
eome minntea after the airest of respiration. Ordinarily, three distinct 
atages ore apparent ; a first, yery brief one, of difficult respiration, alow 
cardiac action, and disturbed cerebration ; a second, convulsive stage, with 
dilated pupils, violent convulsions, unconsciousness, loud cries, vomiting, 
often spasmodic urination and defecation, erections, etc. ; a third, period 
of asphyxia, collapse, and paralysis, sometimes interrupted by partial or 
even general spaama." 

The picture thua presented has too often found its exact counterpart 
in death from ehloroform upon the table of the surgeon. 

Since the phenomena of anteathesia are the result of a paralyadng action 
on the part of the amcsthetic, and since thia action extends in greater or 
lesa degree to all parts of the nervous system, it follows that every act of 
anieathetic inhalation is a step in the direction of i-eapiratory paralysis and 
death. It is, thei-efore, impossible to employ any amesthetio agent with- 
out, in soma small degree at least, departing from the normal standard of 
perfect security. All diseases whitdi diminish tlie energy of the heart and 
of the lungs tend to increase tike dangers of ansestbesia by favoring the 
production of syncope. Profuse hemorrhage operates in the same way. 
Intem])erance and fatty degeneration are also unfavorable to safety. 
Cold, hunger, want, misery, mental anxiety, loss of sleep, ovei'-exertion ot 
all kinds, are causes of danger, because they serve to depreaa the sum of 
vital energies. Consequently, a person who has often been subjected to 
anteathesia with perfect impunity may yet succumb u^wu another trial 

Repletion of the stomach has beep specified as the cause of a fatal ao 
cident in a certiiin number of cases. How for this condition may operate 
directly is uncertain ; biit several cases have been recorded in wHch, after 
a hearty meal, the administration of an amesthetio- — and ether is mora 
liable than chloroform to provoke such a complication — boa induced 
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iiing, dminy wliich, a convulsive inspimtion has iliinA-n a bulky morsel of 
food from the phai-j-ns into the larynx, producing dentin by Hiiflbcation, It 
is, therefore, prudent to perform id] operations i-equiring the use of etlier 
during the int«rvtd in which the stomach may be i-easonably mippoHed to 
be empty. This, however, should not lead the operator to the other ex- 
treme, so as to incur danger from exhaustion through prolonged absti- 
cence from food. 

The position of the patient has been assigned as a cause of death in 
certain instances. Perrin has collected sixty-seven eases in which the 
position was recorded. Of these, nineteen were etheiized in the sitting 
posture, and forty-eight were reciinibent As a general rule it may be 
desirable to preserve the recumbent posture in order to guard against the 
ilangers of syncope, which are supposed to be gi'eater In the vertical posi- 
tion. 

The mode of inhalation is supposed to couutitute a cause that may be 
capable of effecting a disiuitt'ous result. A too hasty administi'ation of the 
vapor may produce too rapid saturation of the tissues, and consequent 
death. It ^ould never be forgotten that the primaiy stage of amcsthesia 
ia a period of excitement. A suddeu iulialatiou may, therefore, operate 
as a shock to the nervous centres, tending to produce syncope before the 
fully toxic action has been developed. Convtdsions, also, may thus be 
exxuted, which may themselves arrest the reaijiratoi'y function, and thtw 
oceosion death ; or they may be the forerunuei-s of fatal sjnuMiije. Penin 
has collected twenty-eight cases in which this was observed. Tiu-ubull 
I'eporta, among one hundred and sixty cases of death after chlorofomi, at 
least seven cases which may probably be assigned to the same cause. In 
all coses, irrespective of the danger of creating asphyxia by actual suffoca- 
tion, a moileriite rato of inhalation affords the greatest degree of seeuiity, 
especially dtuing the iwe of chloroform. 

There is a certain amount of danger to tlie patient fi-om violent ner- 
vous reaction if the operative proceedings of the surgeon are commenced 
before the establislunent of complete ansesthesia. Physiologists ore well 
aware of tlie foctthat a sudden excitement of sensitive nerves may seriously 
disturb the action of the heart — may even be sufficient to arrest its move- 
ment. Before the days of artificial ansesthesia, an emotion of alarm at the 
preliminaries of operation, or the pain expeiienced at the first instant of 
incision, has been known to produce a fatal sj-ncope. It is not in the least 
degree improbable tliat, when the controlling Inffuence of the brain has 
been partially abolished hy an anesthetic vapor, such a painful impi-ession, 
suddenly experienced, might concentrate ita effects upon the reflex apparatus 
of the heart, and thus occ^on an abrupt inhibitory arrest of its movements. 
Thia liypothesis has bet^n subjected to the crucial t«st of experiment upon 
the lower animals by Bomain Yigoureux, who found thiit the nerves of sen- 
eatiou may continue to influence the apparatus of cb'culation during the 

n'oil of antesthesia, even to the degree of stopping the movements of the 
■t Obviously, however, tliis could only be true in cases of Incomplete 
lots of sensibility. When the reflex apparatus is com])lete1y overwhelmed, 
no such communication between a peripheral nej-ve and tlie Ciuxliac gan- 
glia can be possible. The comparatively frequent connection between 
uucsthesiii and insignificant and yet suddenly painful operations, such as 
the extraction of a tooth or the e^^llsion of a toe-nail, renders this explono- 
tion htchly probable. Uuder mich circumstances the operator is tempted 
to net Eefore the cum]jlete establishment of insensibihty, and a mortal ac- 
cident way be tlie result. Out of sixty-five fatal coses reviewed by Perrin, 
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defttli occurred dnring the course o( tlie operation m eighteen iiistaaces ; 
but the degi-ee of anii'Rtbesia was incomplete in only ten of the eighteen, 
so tbnt operatiDn during imperfect insensibility is not necessarily tataL 

It is, however, fatal in a number of oises sufficiently hu^e t^ condemn 
the practice. Etherizatioa should always be carried to the abohtionof the 
cutaneous reflex mauifestations, iu order to avoid this very considerabl%i 
danger. It is true that we may thus occasionally iucur the lisk of de' ' 
oping the toxic effecta of the anicathetio ; but this — especially if ether 
the i^ent employed^ — ia by far tlie leaner riiik of the two. 

lie practice of using powerful aniesthetic vapoi-s diiring the operationg 
of minor sui^ery should always be thscouraged. Of one huuth'ed and sixty 
cases of death from chlorofomi repoi-tcd by Tumbull, but forty-two of Hut 
cases deserved to rank above the minor operations of surgeiy. Of seventy- 
seven fatal cases, collected by Penin, in which chloroform was oned, no 
less than eighteen were operations of a trifling character, such as the exA 
ti'action of a tooth, the opening of an abscess, and the oTiIaion of a naiLJ 
If patients about to undergo an inaigmlicaut operation insist upon insens^ 
bility to pain, it shoidd be procured by local anaisthetice, or by the iofaa^. 
lationof sulphuric ether, which still remains beyond all question the 
of all antesthetic agents. 

Various conditions, which may be considered accidentnl or peculiar to 
the individual, ore capable of modifying the effects of anaiathesia. Such 
are the varieties produced by differences of ^e, sex, temperament, consti' 
tntion, health or disease. Children support anatstheaia with remarkable 
tolerance. They yield promptly to tlie auEBsthetic influence, and their 
sleep is peaceful and profound. A fatal result is among these little pa- 
tients exceedingly rare. Tumbull reports a case of death dming the ad- 
ministration of chloroform to a child of three yeai-s : but it was remarked 
ttiat the child was alwa,^*s weakly, and its " luugs had never been inflated." 
This remarkable susceptibility to oniestheticE, combined <»ith a correspond- 
ing tolerance of their toxic possibilities, is due to the pi'epouderonce of the 
vegetotive functions in tlie organization of the infant The rapidity of cir- 
cuJation and respu-ation, and the larger relative sm-face of the body, pro- 
vide for a speedy elimination of the Amg, so that "cumulative effects ara 
almost impossible. The rudimentary development of the higher cerebral- 
centres of the nervous system also duninishcs the danger of agitation and 
disturbance of the lower ganglia through the agency of perturbation de- 
scending from the brain. 

Old people tolerate ameathesia to such a degree, that it has been claimed 
that after the ag;e of sixty-live years it was devoid of danger, Heference 
to the statistical table hereafter will show this to be incorrect It should 
be remembered that the num.ber of aged people who are obliged to resort 
to anaesthesia is not lai'ge in comparison with the great multitude in mid- 
dle and early life who are the subjects of surgical operation. Aniesthetics 
should be admuiiatered to the aged with more than ordinary core, for with 
them the phenomena of etherism are liable to assume an adynamic char- 
acter. The pulse sinks rapidly into a condition of gi-eat weakness, respi- 
I'ation becomes slow, feeble, and obstructed by mucus, the countenance 
becomes corpse-like, and the general muscular relaxation is more complete 
than with subjects in middle hfe. For this reason the administratiou of an 
omeathetio to an elderly person should always be conducted with great de- 
lil^eratiou. Aside from the habilitiea thus particularized, there seems to 
be no special danger from ana'sthesia at an advanced period of life. 

The influence of sei ia quite apparent among the phenomena of ooies- 
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tlieeiii. Women pass moi-e reaJily Uiau men into tlio stage of insensibility, 
and the aniestlietic sleep is more profound. Ab a consequence uf tliis fact, 
Byncope is leas frequently observed among' them than among men. They 
resemble children in this juirticular. The moi'tality of the male sex is ac- 
cordingly greater than that of the female. This may be partly owing to 
the greater frequency of sui-gical opei-ationa among males ; but, as an o£&et 
to ttiis fact, the female sex enjoys an absolute monopoly of obstetrical au- 
ffisthesia. The menstrual period would seem to esiKise the ftmale to greater 
risks of nervous disturbance, and to the unfavorable conscqitences of a 
suppression of the monthly flow ; so that, unless absohitely necessary, the 
employment of auiBsthesia should be dcfen-ed till the moutldy interval is 
estabhshed. Still, it must be coufessed thnj there is veiy hl.tle experience of 
actual barm from etherization during the period. The same remai'ks apply 
lo the condition of pregnancy. Aside from the liak of injury through violent 
efforts during the stage of excitement, thf-i'e seenw to bo no reason why an- 
tnsthesia should not be tolerated duiiug the time of gestation. Lactation 
constitutes no contraindication to the use of anu^stheticB. 

PectUiarities of temperament and constitution appear to exercise no ni>- 
preciable efTect iipon the course of amcstbeaia. Unless there exists an in- 
dividual predisposition to ^ncope, it is a matter of very little coiisequcuce 
whether the patient is gifted with a bilious temperament rather than a san- 
guine. Such predisposition may be permanent or it may be temporary. 
It may be tlie result of disease or of exhaustion. Niunerous causes may 
operate singly, or may combine to produce this element of weakness. If 
it ia known to exist, it abould conti-aindicate the uae of anything more [mw- 
ei-ful than sulphuric ether, and eveu tluit benign compound should be ad- 
minintered wiUi caution. 

The various diseases of the bi-aiu aud spinal cord shoidd cause hesita- 
tion in tlie use of auii^thelics. All diseases which encroach upon t!ie re- 
gions adjacent to the medulla oblougata increase the danger of accidents 
during amcsfliesia. Epileptic jiatients are extremely liable to experience 
an epileptic convulsion during the stage of excitement, but the speedy re- 
solution which so quickly supervenes is highly favorable, and is suflicieutly 
tuIvantogeoiLs to waiiiiut the inhalation, if the occasion requires. The 
luuuQ thing is ti-uo in atses of hystero-epilepsy— (he mo«t violent contortions 
need not intimidate the attendants. Alcoholic intoxication, and a condi- 
tion characterized by deliiium Iremenn, should, on the contrary, prohibit 
the use of auEBsthetics. The employment of chloi-oform for the purpose of 
inducing sleep has too oft«n caused a sudden termination of life in cases of 
lut/uatia epolH, In all such cases tliere is exb-eme cardiac debihty, and deatb 
is liable to occui as a residt of profound syncope uiduced by the toxic efiects 
of the agent operating upon vital centres which liave already lost the greater 
part of their energy. For the some reason ausesthesiji should be avoided 
during the period of shock after severe injuries. The respiratoiy centres 
in the medulla oblongata nmy have been damaged by the violence of con- 
cuaaion, so that tliey are no longer in a condition totolei-ate tlte additional 
eRbcta of artititdal toxtemia. Hence the wisdom of tlie surgical rule to de- 
fer Operation until the establishment of reaction. Gunsliot woumls upon 
the field uf battle, however, seem to form an exception to this rule. The 
«xoeptiim is, nevertheless, more apparent than real, for a gunshot wound 
whicn does not directly involve the brain or the Hpiiml cord seldom dis- 
IutIm the integrity of tissue la those organs iu any way that con be com- 
jiared with the actual solutions of continuity which are caused by ordinary 
concussions of tlie byuu ,iM' .Sl-i''^ ccJiL ^h .esjjei-i'jjicfi of militwry snr- 
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geons is unaoimously ia favor of the almost uureetricted use of (mrasthel^H 
ics in the Bur^ery of the battle-field. ^^| 

DUeases of the luags do unquestioimbl; odd to the risks of oiueBtbeBia, 
not BO much by any dwiger of asphyxia aa bj reason of tlie increased Ixor- 
bility to Bj-ncope which is produced by every condition that is competent 
to hinder the free passage of blood from the pulmonarj- arteiy into the 
pulmonary veina. Caseous or tubercular deposits, cancerous growtl 
pleural adliemous, pleuritic efEiiBions, pericaixlial adhesions or effiudoi 
enlargement of the bronchial glands, ddatation of the bronchi, stenosis 
the trachea, and the accidental presence of foreign bothes iu the respii 
iory passages, should all bo counted among the causes of jjoasible sj-nco] 
and its consequent perils. 

For the siune reason, organic diseases of the heart or of the 
blood-vessels should preclude the use of chloroform. Obesity is si 
accompanied by an overloading of the cardiac walla with fat that it should 
suggest caution at least. Fatty degeneration of the musculai' structure 
of the bejirt ia a far more dangerous condition ; but, unfortunately, it doea 
not reveal its presence during hfe by any positive group of symptoms. A 
slow, irregular and feeble pulse, associated with precordial pain, difficult 
respiration, general lassitude, and evidences of degeneration in tissues ac- 
cessible to observation, should excite suspicion of tliis form of degeni 
tion. The violent palpitations which sometinieB disturb the annz-mic 
chlorotio patient should exclude the more potent amesthetics. In all ct 
which present any notable departure from the normal tjiie the nuldi 
agents alone should ever he employed. 

The emotions of the patient should olwajra be observed before coi 
mencing the act of etherization. Excitement and fear may overpower t 
heart to a degree tlint shall constitute all the dilTerence between safety ai 
dimger. A few words of encouragenieut will often serve to tranquillize the 
circulation, and to iinigonite the action of the heart. In many instances 
it is desii-able to educate the courage of the patient by preWoua conversa- 
tion about the operation ; and in all cases it is important to avoid every- 
thing like sudden and unexpected intrusion with the anassthetie. Even 
with children there should be a certain amount of explanation and persuor 
sion, suiKcieut to obviate the shock which would result from abrupt and, 
seenungly violent meaaurea These little patients, foiiunately, ore so toler^, 
ant of auicsthesia that their fears and their struggles are lesa dangeroi 
than woidd be a similar degree of agitation in adult life. 

The cautions which have been tliua detailed are principally importfU 
during the use of chloroform and its powerful congeners. When sulphn- 
lic ether is employed, the risks attending its use are so insignificant that 
they may be aliuost entirely neglected. But it must be ever kept in mind 
that tlie inhalation of ether is not wholly void of danger. Alarming 
symptoms have been not so very infrequently observed during its admin- 
istration, and death does occur while imder its influence. The fact should 
be always borne in mind that no aneesthetic agent can be used without in- 
curring the risk of a certain amount of danger — very shght it may be, but 
still an a2>preciable quantity. Every patient should, therefore, be mods 
on object of careful study before the act of inhalation is commenced, and 
all possible contraindications should be scrupulously noted. There can 
be no doubt timt, if such cautious methods had always obtained, artificial 
onEcsthesia might never have been discovered, and, dm-ing the exj 
mental period which followed the introduction of the discovery, a con 
erable degree ofdatitude >\'bs>eKcusable.*' But the age of experiment 
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long been passed. Ths verdict of experience ia decisive, and the dangers 
of ansBstlieaia are known with a degree of preeiwon sufficient to render the 
odmiidBtrator reHponeible for all accidents which may be foreseen as a pos- 
sible, if not probable, consequence of the physical condition of the patient^ 
and of the nature of the agent selected for the production of insensibilily. 



TREATMENT OF TIIE ACCIDENT8 OP ANAISTHESIA. 

The dangers of aniestheBift group themselves under two principal heads : 
ceeeation of respiration, and cessation of circulation. It ia extremely im- 
portant that the operator should be fully awake to the character of the 
risks to which his patient is es^wsed, in order that he may be prepared to 
act with celerity and decision in case of accident Too often has the his- 
tory of Hucb cases disclosed a scene of panic and bewilderment in which 
the most various expedients have been employed without appearance of 
method or comprehension of the real condition of the sufferer. The sin- 
gle object of the attendant should be the renewal of respiration on the 
part of his patient, and, in order to secure success in this attempt, the 
cfiEbrts should be prompt, energetic, and long-continued. 

The first expedient, in case of anEoathetic sj-ncope, is inversion of the pa- 
tient The head should be lowered as far as possible, to permit the dis- 
tention of the intracranial vessels by gravitation. This is a fi'equent ex< 
periment in the physiological laboratory : when animals have ceased to 
breathe in consequence of excessive loss of blood, tliey may be revived by 
hanging them by the hind legs. Piony, NSlaton, and Holmes of Chicago, 
were the first to employ this method for the resuscitation of patients who 
had passed into a condition of mortal syncope. In this position the blood 
finds its way again to the respiratory centres in the medulla oblongata, 
and arouses them once more to their normal function. The adjustment of 
the position of the patient forms, therefore, one of the accessories of the 
process of artificial respiration. 

In a valuable paper on t.liis subject, read before the Illinois State Medi- 
cal Society, by Edward L. Hobues, M.D., Professor of Ophthalmology in 
Bush Mediod College, Chicago (" Transactions of the Illinois State Medical 
Society," p. 81, 1868), the doctor says: "Every surgeon has, not infre- 
(^uently, observed ttitit chloroform produces considerable pallor, prostra- 
tion in the action of the heart, arteries, and lungs, apparency without any 
imminent ilonger. In all such cases the danger seems to depend entireN- 
upon micope. I have never vritnessed a case in wliich there was turgia- 
ity and redness of the tice, in which there was not also a regular pulse, and • 
a regular, though often stertorous respiration, CAusiug, perhaps, a peculiar, 
heaving motion of the head. On several occasions, as I observed this ten- 
dency to syncope, although I saw no reason for alarm, I directed, experi- 
mentally, my aaaistauts to raise the foot of tlie table siifliciently high to 
place the patient witli the head downward on an inclined piano of at least 
40°. I found, invariably, that the pulse at once became fuller and more 
frequent and that the color returned to the face. 

"Subsequently, in administering chloroform to a patient at the Chicago 
Charitable Eye and Ear Infirmary, the breathing and pulse, almost with- 
out warning, suddenly ceased. Although the pulse and respiration bad 
been quite good, there still had begun to be a jTecuIiar, cold perspiration 
upon Uie brow, an<l a cold, moist condition of the hands, which I attributed 
to the depressing iufiuence of fear under which the patient was laboring. 
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I was watching tbe patieut inoflt carefully, tbiukiiig in this coiuUtion L 
flhould receive no more cliloroform, when lie ceased to breathe. His asp* 
was moat appalUug ; tbe face and bands were oold and wet, tiie featui 
piiicbed, muscles of tlie face relaxed, lids bnlf opened, and tbe cornea turned 
iipWHi'd. Tlie foot of the table bad not been raised fifteen seooiids. t' 
tongue having at once been withdrawn, before the pulse reappeared at thsl 
wrist, and tbe respiration was re-established. Upon j'cstoriug the putient.fl 
to the horizontal position, the pulse and resptnttioti again ceased. The! 
elevation of the foot of tbe table, however, agiiiu re-established the action of I 
tbe heart and lungs. 

"Some time after this occurrence, pi-eciselj- the same symptoms bj»-1 
peai'ed during the inbalatioti of chloroform. The patient was a yoiui^ ■ 
strong man. In this case the pulse for a few minutes was growing less ' 
frequent, although the bi'eatbiug continued quite strong and r^ular, till 
without further warning, tbe pulse and breathing suddenly ceased. The 
appearance of tliis patient was as frightful as in tbe case of the other just 
described. A similar mode of treatment restored at once the action of the-i 
heart, some seconds passing before the i-espiration was fully I'e-established 

" I have had an opportunity, at tbe Infirmary, of demonstrating expeii 
mentally to the students and physicians more than thirty times, h 
where liere was no apparent danger, and yet where there wi 
to pallor and weakneaa of the pulse, that, in the position I have describi 
the cheeks becjjme instantly flushed, and the pulse atronge 
I watched, with gi-eat cai-e, the condition of the pulse and respiration ; and^ 
yet it is sometimes somewhat diCScult to distinguish the difl'ei-ence between I 
the effects of fear and those of tbe chloi-ofoi-m." 1 

Animals which have been killed with alcohol or with other kindred I 
poisons may be restored by artificial respiration. If they can be made to 
breathe, the blood will circulate, and tbe natural proceBses of elimination 
thus sustained will at length relieve the system of tbe toxic agent. Tlie 
treatment of opium-pciisoning presents a familiar illustration of the method, 
and of the success which attends its use. lU failure is due either to , 
a tardy commencement of the process, or to an inefficient mode of can'jwd 
ing it into eflect. Sometimes we read of cases in which artificial respfe-<l 
ration bad been uudertokeu us a last resort after tbe failure of otheM 
espedienla. Sometimes the patient is said to have gasped a few timeQB 
with tlie residt of causing a cessation of tbe artificial movements, and aa.fl 
immediate collapse of the nascent energies of the medulla oblongata, 
and ])atient effort is the price of success in these unfortunate conditions. 

The most simple method uf efi'ectiug artificiid respiration consists, as re- 
commended by Dr. Sylvester, in the pi-oduction of a rhythmic movement of 
the waUs of the ehes^ hy idternately pressing the abdomen or the chest- 
wall so as to expel the air in the lungs, and then di'awing the arms up- 
ward and outward in such n way as to elevate the I'ibs and espand the 
canty of the thorax. The method advocated by Marshall Hidl difters from 
thia iJi the production of cspiration and inspiration by rolling the body, 
first upon its face during compression of the ^\alla of the thorax, and then 
upon its back during tbe withdrawal of pressure. This process, which 
was supposed to prevent obstruction of tbe iiharynx thi-ough falling back 
of the tongue, is not so satisfactoiy as tlie methotl previously described. 

Great importance is usually attached to the expedient of drawing for- 
wai'd the tongue whenever respiration is arrested in the amesthetdc state. 
The recent investigations made by Dr. Benjamin Howard, of London {Lan- 
cet, May 22, 18fiO, p. 790), indiwrte, however, that this opeiation is of up 
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more value tlijin unj other peripheral iiTitation of t.he auperficieii nerves of 
tlie body. By n series of careful experimentH upon the denil body, Dr. 
Hnwnrd nw'ertnined that the epiRlottia, when relaxed iiiiil collapsfd, caunot 




Iw raised from the glottis by the act of drawing forward the tongue. If 
the epiglottic could thus be raised, that act alone would aGcomplish no good 
reanlt for the piitient. The ehest must be compelled to expand, in order 
to effect the intrwluctiim of au' through the must patulous fjlottis. TMs 




Vu>. 2.— QeUuwa-ljliiwlaB muwuicnt rw Unwliis sir iuu> thg lunir^. 

movement of espauxion inay possibly be excited by any reflex bintation of 
the uervous syBtem, but it is most likely to be eftetited by plai-iug the 
patient with bjs hea>d lower than his foet, nud by luiiiicial respiration. 

Dr. Howard has ako sugtrt'^t*'! a mode of artificial respiration (Lmicel, 
Mny 25, 1878) which is a decided improvement upon the method of Mar- 
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shall HaD and of Sylvester. It waa originally devised tor the restoration 
of persons who had been drowned, but tlie secyjud stage of the process is 
equally npphcable to cases of respiration arrested by anivsthetii.' vapoTH. 

" Turn the patient downward, with a large firm i-oll of clothing under ' 
the stomach and chest 

"Press with all your weight two or three times, for four or five seconds . 
each time, upon the patient's back, so that the wat«r is pressed out of the < 
lungs and stomach, and drains freely downward out of the mouth. Then : 

"Turn the patient face upward, the roll of clothing put under his back 

1'ust below tJie ehouIJer-bladea, the head hanging hack as low as possible, i 
'lace tlie patient's bauds together above his btiad. Kneel with the pa- 
tient's hips between your knees. Fix your elbows against your hipe. 
Now, grasping the lower part of the patient's chest, squeeze the two sides 
together, pressing gradually forward with all your weight for about three 
seconds, until your mouth ia nearly over the mouth of the patient ; then, 
with a push, suddenly jerk yourself back. Kest about ^ee seconds, 
then begin again. Eepeat these movements about eight or ten times a 
minute." 

Faradiziition of the phrenic ner%*es has been atlvocated as a means 
of resuscitation. Theoretically the method is good, since it proposes to 
excito the movements of the diaphragm, and thus to inflate the lungs more 
effectually than is possible by elevation of the ribs alone. Its use should 
be combined with the attempt to fill the lungs by Howard's method. One 
electrode of tlie faradic apparatus should be firmly pressed over the right 
phrenic ner^'e, j ust outside of the carotid artery in the neck, while the other 
electrode should be placed in contact with the wall of the thorax, over the 
Biztb intercostal space on tlie right side of the body. The right aide 
should be preferred to the left, in order to avoid the risk of producing 
arrest of the movements of the heart Bichardsou has shown by actual 
experiment upon animals that, during the period of ouii'sthesia with im- 
pending sj-ncope, the passage of an electrical cuiTeut through the heart 
will at once aiTest all movement, and produce an inevitably fatal result. 
The electi-icaJ circuit should be completed only during the elevation of the 
arms, and should be at once broken at the commencement of the depres- 
sion of the ribs. These apphcations shoiUd be renewed about twenty 
times in a minute. By this method of procedure the diaj^hragm is brought 
into a condition of contraction and depression at the same time that the 
ribs are elevated. The capacity of the thorax is thus enlarged to its ut- 
most and a corresponding volume of air will entei' the trachea and bron- 
chi. As it passes over their mucous surfaces, the current thus produced 
ai'ouses the reflex activities of the various branches of tlie par vagum ; 
and, if coagulation of the protoplasm of the nervous gangUa has not pre- 
riously i-eached the point of final stasis, the heart will begin once more to 
move. The electrical current should never be veiy energetic. It should 
never be strong enough to tetanize the diaphragm, for fear of occasioning 
retraction and depressiou of the lower ribs, with a consequent dj'spnceio 
attitude and imperfect distention of the lungs. 

General electrization of the surface of the body is woi-se than useless, 
since it diverts attention from the great object of every eftbi-t — a renewal 
of respiration and circulation, and because of the danger of tetanizing the- 
heart while it is feebly beating. Such a result has been shown, by actual 
experiment on the lower animals, to be inevitably fatal The same thing 
is true of electro-punctiure of the heart 

Besides the methods above indicated, we should have recourse to pnl- 



I 



TRSATHEKT OF THE AXJCWXSTS OF AS'.eSTHESIA. OD 

monaiy iusufflntjoii. It baa been objecteii to tlxis veiy efficient nietbod 
that the integrity of the pubnouarj- tisHuea might be \ery easily compi-o- 
mised by violent inflation of the aii--cells. This accident is not likely to 
occur under any ordinaiy circumstances, as the experiences of the pbyaio- 
logical laboi-atory abuntkntly ahow. Atr ia every day forcibly intiwiuced 
into the lungs of ourarized animals by the use of various kinds of inaufSat^ 
ing appiutitus, and this without much regard to the amount of eui-plus 
energy that may be called into action. But it is a rare thing, at the au- 
topsy of a dog or a i-abbit that has thus been treated, to find even a rup- 
ture of an ail' -cell. In operating ujjon the human subject, however, it ia 
desirable to iniitiite the normal pressure in the lungs as closely aa pos- 
Hible. 

The methods of insufllation which may be employed are various. A 
Tulgar method conaista in the appUcation of the mouth of the oi>erator to 
the mouth of the patient, at the aaute time closing his nostrils with the 
finger and thumb, and blowing forcibly into the limga Ibis pivscess has 
been pronounced efficacious in the restoration of asphyxiated infants, and 
has, accordingly, been I'ecommended In the treatment of aniesthetio 
fn'ncope. But, unless the air is thus impelled witli force sufficient to ex- 
pand the walla of the chest, it can in no |)OBsible manner find ailmission to 
the lungs — a current cannot be produced. If great force is employed in 
the act of inaiifllation, the air will at once follow the path of leant resis- 
tance, and will enter the njsophagua, passing into the stomach, and caus- 
ing distention of the abdominal walla The patient may thus be made to 
appear as if he had execiited a movement of inspiration, but be does not 
supplement it by an act of expiration. The thorax does not subside as it 
woidd do after the lungs had been filled, and the manteuvi'e fails of auy 
UHefol result. The same objection hes againat the attempt to fill the lungs 
by carryinH a tube through the mouth into the pharynx, so as to direct a 
blast of ail- upon the chmk of the glottia Instead of passing into the 
trachea, tlie air distends the i>haryiix, and finds its way into the st<)macb. 
If, however, a flexible tube, like a gum cafbeter of large size, be passed 
Uirough the larynx Into the trachea, tlie lungs may then be inflated with 
eose. The only difficidty consists in the introduction of the tube. If 
this occasion any delay, the ti-achea should be opened in the neck, on 
operation which need not create any appreciable dehty. If the ordinary 
methods of arousing artificial respiration fail, and if an electricjd appara- 
tus is not at hand, this operation of tracheotomy and tracheal iuaufliation 
should be performed at once. Let it never be forgotten that succeaa 
dependa upon the prompt celerity with which everything ia done. There 
18 no time for consultation, for the collection of appai-atua, for meditation 
Upon tlie condition of the patient, when aaphj-xia ia imminent, or has al- 
ready been declai-ed. If one cannot always administer chlorofonn witli aa 
electrical apparatus at his elbow, he can at least provide himself with an 
«la«itio catheter of lai-ge size, and a scalpel wliich can be trusted to enter 
the trachea. 

We may, therefore, sum up the rules that should govern the situation 
aa follows : 

In every instance of syncope, threatened or actual, the head should be 
depressed to the utmost Hmit of bodily inversion. 

Artificial respiration, preferably by the aid of rhythmical pressure upon 
the chest and abdomen, shoidd be commenced at once, and should be con- 
tinned, deliberately and persistently, until the patient is either out of 
danger or is unquestionably beyond all hope of recovery. ^Vliile these 
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ailiflcial movpmentN aif effectei:! liy the opemtor, dii assistant Hhonld at«) 
tempt tlio introductinn of tlie Iftiriigeid noiuid, in order tfl sujiplement Hm 
thoiiwric juovemeiitB hy lairngeal ineufllation. Failiug iii thui endeavor,, 
tracheotomy should be pei-formed, and the sound should be introduced 
into the windpipe through tlie wound in the neck. 

A clear comprehenwon of the object toward which all these efforts 
should be directed will relieve tlie surgeon of nil embarrassment and hesi- 
tition with regard to tlie proper eoui-se of action. Blanj a life, no doubt, 
niiglit luive been Hfived, which was lost in conHequciice of delay on f 
part of attendants who knew not what to do in tiie hour of danger. T 
fortunately, however, the energy of certain anissthetic substances is 
great that no vigilance con obviate danger, nor can the most scientifically 
devised methods of I'chef always effect a restorotion when the patient ' 
ceased to breathe. The only i-eal safety, the only irrepi-oachable course 
of action. lieH in complete abstinence from these ]wtent ih-uga. 

The subjoined gi-nnp of vAneit will sen-e to illustrate the different 
methods of rcHUst^tation which have been miucessfully employed aft«r ap-: 
parent death fmm inhalation of chloroform. 

Aj^rent death fnnn vhloroform averted hj cold aff'imon tipcm ike chest. 
Mate, about fifty years, intoxicated ; dislocation of the head of the femur. 
After becoming somewhat sobered, cldoroform was inhaled fiom n hand- 
kerchief. About five minutes after the commencement of inhnlatioti the 
breathing suddenly became stei-torous, slow, and labored, ynih correspond- 
ing flagging in frequency and force of pulse and hvidity of tiie skin. TI19 
dislocation was pi-oniptly reduced, hut respiration became less and leas- 
frequent. until he ceased to breathe entu-cly. Tlie pulse alwo Btopped, and 
no 8oiuid could be heonl at tJie heart. The face wan black and distorted; 
tlie eyes were bloodshot. An assiNtant was sent for a pail of water, while 
the surgeon stripped his jiatient eutii'ely, and slapped his cheut and but- 
tocks with both hands. After some delay the assistant — all otliers haviiie 
fled in dismay — anived with B pint ctip full of water. This wan dashed 
upon the naked cheut, and more water waa sought. A pail had to be 
hunted uj) — and then water was brought fi-om a neighboi-ing pump. The 
cohl water was then pom-ed ui a slowand steady stream, from an elevation, 
as high as one coidd reoch, directly on the centi-e of the chest, while the 
alappiug process was faithfully continued. After thi-ee or tour minutes a 
deeji inspiration was drawn. By gently pressing the cheat, the air waa 
exjjclled, and hi a few seconds there was another iuHpiration, followed by 
extei-niil pressure, the stream of cold water being maintained without in- 
tennission. Five or sis deep inspirations per minute were thus secured at 
first, when the li^idity of the face began to clear np. the heart to act feebly, 
and the pulse to be felt at the wrist In less than half an hour the patient 
was able to converse. — Am. Med. Ti)nes, p. 143, August 25, 1860. 

Af^Mirenl deaUi from rhloroform — Ijiaiifflation ami ariijUml naptrahoii 
Secoi-erij. — Mole, twenty-two years ; screfulous disease of elbow-join^ re- 
quiring partial excision of the joint. The operation was nearly completed, 
when the patient suddenly became pate and cold, n'ith intermittent pulse, 
and convulsive breathing. Bathing tlie face with cold water, and fresh 
ail-, did no good ; iuHi)iratio]i grew more feeble, and the pidse ceased to 
beat at the wrist. He was instantly laid on the floor, and the feeble action 
of the chest was aided by the liands ; but, in about a minute after the 
lii-st seizure, he ceased to breatlie, and Oie lower jaw fell Immediately, 
one of the sui-geons, closing the mouth, inflated the lungs by tlie nose, 
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Tvliieh WHS first covered with a lintnlkerdiief, while nnother witU n hand on 
eftcli side of the chest gentlv ciuptieJ tlieiii. ThJK proceHB wtia cotitinued 
for four niiiiut*s without Buy apparent result, when a gentleman who held 
the wi-ist exclaimed, "There is a beat ! " and after the lapse of a few 
seconda, " There in iinother I " Then a thud. Now it began to beat nn- 
lently. and the chest to heaye deeply, bwt with a shoi-t period between 
each action. Presently the piilse beat more filowly, quietly, and regulaily, 
but more feebly, and the chest acted spontuneoualy. After the lapse of a 
few minutes, the inan opened his ej'ea and smiled. Brandy, blankets, and 
hot^water bottles, soon completed his restoration, and shortly afterword 
he was able to sit up and be sent home in a caniage. — Med. Tinwn and 
Oaz., p. 174, August 13, 1853. Reported by K W. Lowe, M.R.C.S.K 

Apparent death from, chloroform^ Pntieni restored by dram'iig jhriixird 
the lonyue. — Removal of a tumor from a female.— After a few inbolations of 
chloroform the pulse stopped suddenly. Cold aflusioii, and friction all 
over the body, excited a few feeble pidsations, which soou ceiiseiL No res- 
piration. The surgeon then passed his finger into the pliari-ns, raised 
the epiglottiB, and drew forward the tongTie. This excited an inspiration. 
As soon as the tongue was released it fell back, and respiration stop|>ed 
again. The same ti-action was now repeated, and the tongue was held 
out of the mouth ; respiration then began again, and the patient quickly 
recovered. — Abeiile Meditfiln, November 3, 1851, 

Apparent death from chloroform averfpil by thi- injniion of bmndy aiid 
mater itito the rectum. — " On one occnsiou, whOe I was removing a scm-hous 
tumor, the patient, who was rather advanced in life, got an overdose of 

chloroform andldobelie^'ethatheri-ecoveiy wasowingentirely 

to iujectinga glfisa of brandy and water into the reetiuu. The accident liai>- 
pened owing to the gentleman who had charge of the ctilorofoi-m getldug bo 
interested in tlie diwtection that he forgot to raise the towel ofl' her fnoe till 
respiration had become imperceptible." — Med. Timeii and Ga^., p. 652, De- 
cember 27, 1856. 

Apparent dealhfroin chloroform^ lief loration by Marshall IMl'ii "read;/ 
melliod." — Chloroform was administered to a young man dmiiig an ampu- 
tation of the thigh. Just as the last artery was tied, the patient ceaaed 
breathing, the pulse could not bo felt, the jaw dropped, and he seemed 
really den<l. The usual meann of i-cstoration having failed, a ^Tgorous ap- 
plication of the rea^y method was undertaken. Abtjut eveiy five seeoiid» 
the air was forced from the lungs by grasping the thorax upon both sides 
and depressing the riba. In ad<lition to this, the patient was timied Bud- 
(lenly upon bis side and partly upon his fai-e, and id moat Immediately bock 
ag^n. abcnit thrno times in a minute. These procedurea were continued 
for more than half an hour before it becjime certain that any sign of life 
vm manifest. It was indeed foi-ty-five minutes before the ])ationt was 
able to speak- The restoration was, however, at last conii>lel«. — 3fed. 
TSinea aiirf Oaz., p. 416, April 7, 1858. 

Apparent death from chloroform — ttenuscilalion by Ihi^aul of eleclrvnly. — 
Male, foui'teen yeara, chloroformed for the removal of asequestrura from tha 
tiliia. In the midst of the operation lie began to struggle, anil thia was 
followed by stertorous breathing: the heart's ai;tton ceased, j-espii'ation he- 
name imperceptible, the lips blanched, and the limbs flaccid. Recourse 
was immediately hud to artificial respiration by Sylvester's method, and the 
face and <'hest were slapjwd with a wet towel, .\fter the lapse of two or 
three minutes he gaaped faintly. Electricity was then applied, one pole 
to the batik of the neck, the other to the epigastrium, llie heart's action 



waB itiBtantlv excited, tmd the bo; gradually i-ecovered. — Med. Timet ani 
Gaz., p. 540,'November 23, 1861. 

Apparent deaik from chloroform averted by electro-puncture. — A lady, 
-during a plastic operatiou in the perineal region, inhaled badly, but be- 
came iinally insenEible. The operation was about half finished when, iho 
pulse suddenly stopped. Cold afiiision and continual fanning restored it 
again, but with a ^ow and uncertain beat^ and at length it ceased for the 
second time. Friction, drawing the tongue forward, and Sylvesterism failed ; 
ten minutes had passed, when Dr. Kidd brought his portable electric bat- 
teiy, and, pulling a pin out of his necktie, stuck it into the region of the i 
phrenic nerve as it Ues in the stenio-mastoid, another pin into the dis^B 
phragm, and quickly applying the wetted sponges of the ftu-adic current, tha>a 
effect astonished everj- one present ; where a quarter of a minute before! 
there was to ull intent a body all but stone-dead, now the chest heaved m 
and fell with each interruption of the electric circuit ; the stemo-mastoid' J 
was thrown into strong contractions ; there was a moan, a sigh, foUowed-l 
by natural breathing, and a gi-adual flicker of the restored pulse — Mtd, 1 
Times and Gaz., p. 333, March 28, 1863. I 

AppareiU death from ddoroform — Besu^cilalion b'j inversion. — The di»-fl 
covery of the power of inversion to revive patients apparently killed by4 
chloroform is due to an accidental observation in the laboratoiy of the ii- ' 
mous Nil-laton. His son was one day experimenting with rate — makin|r 
them insensible with the vapor of chlorofoiin. A number of the ommola 
were thus treated until their life seemed to have deported. The boy then 
picked tliem up by their tails, carrying them away for final disposal, when 
to his surprise, they began to give evidence of returning animation, and 
soon recovered. Tliis obserration waa not lost upon the boy's father, who 
eoon found occasion to repeat tlie experiment upon the human subject with 
the most convincing success. The following interesting narrative, from. J 
the experience of Dr. J. Marion Sims, forms a part of a paper read by Mn^l 
self before the British Medical Aasociation, at Norwich, August, 1871. Tli«:fl 
patient was a beautiful woman, young and titled, upon whom an iteration ' 
for the cure of a vesico-voginal fistula was to be performed- This was 
done November 3, 1861, at St Qermain, a few miles from Fans. The 
■operation was to be performed by Dr. Sims, assisted by Drs. Nt-laton, Bey- 
iai-d, and Johnston. The administration of chloroform ^!lls intrusted to 
the celebrated obstetrician, Charles James Campbell, " Many years ago," 
writes Dr. Sims, " I imbibed the convictions of my countrj-men agauisfc 
<;hlorofonu in general aurgerj', and have always used etlier in preference, 
never feeling the least dread of danger fi-om it imder any circumstances. 
It is otherwise with chloroform, and in this paiticular cane I felt the great- 
est anxiety, frequently stopping during the operation to ask Dr. Campbell 
if all was going on well vdtii the patient At the end of forty minutes His 
sutures (twelve or thirteen) were all placed, and ready to be secured, aad 
I was secretly congratuUiting myself that the operation would be finished in 
a few minutes more, when all at once I discovered a bluish livid appear- 
aueo of the vagina, oa if the blood was stagnant, and I called Dr. Johnatoa'a 
attention to it. As this lividity seemed to increase, I felt rather uneasy 
about it, and I asked Dr, Campbell if all was right with the pulse. He ra- 
plied, 'All right, go on.' Saircely were these words uttered, when ha 
suddenly cried out, ' Stop I stop 1 No pulse, no breathing ; ' and looking 
to M. A'^tou, he said, ' TOte en ban, n'est-ce pas ? ' Nelalon replied, ' Cer- 
tainly ; there is nothing else to do.' Immediately the body was inverted, 
the head hanging down, while the heels were raised high in the air by Dr. 
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Johufiton, the logs reating oue on eaeh of liia slioulders. Dr. Campbell 8iij>- 
ported the thorax. Sir. Herbert wasaent to an aJjoiiiing room for a spoon, 
■with tlie handle of which the jaws were held open, and I iiauded M N^lit- 
toQ a tenaculiun, which he hooked into the toijf^e and gave in charge to 
Mr. Herbert ; while to Dr. Beyki-d waa aasLgTied the duty of nialdnf^ efforts 
at artificial respiration, by pressure alternately on the thorax and ubdomen- 
M. Niilaton ordered and overlooked every movement^ while I stood aloof 
and watched the proceedings, with, of course, the most intense ansiety. 
They held the patient in this inverted position tor a long time before there 
waa any manifeatatiou of returning lifa Dr. Campbell, in his report, eaj-s 
it waa fifteen minutes, and that it seemed an age. My notes of the case, 
■written a few hours afterward, make it twenty minutes. Bo thia as it may, 
the time was so long tliat I thought it useless to make any further efforts, 
and said, 'Gentlemen, she is certainly dead, and you might as well let her 
alone.' But the great and good Nelaton never lost hope, and by his quiet, 
cool, brave manner, he seemed to infuse his spirit inio his aids. At last 
there was a feeble insiiiratdon, and after a long time another, and by and 
by another ; and then the breathing became pretty regular, and Dr. Cami>- 
bell said, 'The pulse returns, thank God I she will soon be all right again.' 
"Dr. Beylaril, who alvraya sees the cheerful side of everytliing in life, 
■was disposed to laugh at the fear I mauifested for the safety of our pa- 
tient. I must confess that never before or since have I felt such a grave 
responsibihty. 'When the pulse and respiration were re-established, SL 
Kf^Utou ordered the patient to be laid on the table. This was dono 
gently ; but what was oui- horror, when, at the moment the body was 
placed hoi-izontolly, the pulse and breathing instantly ceaaed. Qiiick as 
thought the body waa again inverted— the head downward and the feet 
over Dr. Johnston's shoulders — and the same manceuvres as befoi-e were 
put into execution. Dr. Campbell thinks it did not take such a long time 
to re-establish the action of the lungs and heart as in the first instance. 
It may have lacked a few seconds of the time, but it seemed to me to be 
quits as long, for the same teiUous, painful, protracted and anxious efforts 
"were made as before ; but, thanks to the brave men who had her in chaise, 
feeble signs of returning life eventually made their appearance. Bespi- 
Tadon was at fii-st irregular and at long intervals ; soon it became more 
regular, and the pulse could then be counted, but it waa very feeble, and 
■woiUd intermit. I began ogoin to be hopeful, and even dared to think 
that at lost there was an end of this dreadfiU suspense, when they laid her 
borizontoDy on the table again, saj-ing, ' She ia all right this time.' To 
■witness such painful soenea of danger to a young and Miluable life, and 
■to experience such agony of anxiety, produced a tension of heart and 
mind and soul that cannot be imagined. AVhat, then, must liave been our 
dismay, our feeling of despair, when, incredible aa it may seem, tlie mo- 
zaent the body was laid in the horizontal position again, the respiration 
C«aBed a third time, the pulse waa gone, and she looked the perfect pic- 
ture of death. Then I gave up all for lost, for I thought that tlie blood 
waa so poisoned, so charged with chloroform, that it was no longer able 
to sustain life. But Nr^laton, and Campbell, and Johnston, and Beylord, 
and Herbert, by a consentaneous effort, quickly inverted the body a tliird 
time, thus throwing all the blood possible to the brain, and again they 
"began Uieir elforts at artificitd respiration. It seemed to me that she 
■would never breathe again ; but at lost there was a spasmodic gasp, and 
after a long while there was another effort at inspiration, and, after an- 
other long interval, there was a tliird — they were far between ; then we 




D(l ■wftited, imil woiiclereil if lliere woiilJ 1j 
it L-iuiie, and more profoundlr, and there woe a lou^ 
ration became tolerably i-ejjiilar. Soon Di', Bej-lard says, ' I feel the pul 
again, but it is very weak.' Nelalou, after some momenta, ejacuJ 
'The color of the tongue nuci bpa is mora natural.' Cnmpbell says, 'T 
vomitiuiT is favorable ; see, she moves her hands, she ht pushing agaii 
nie.' But I was by no meoiiB aui-e that tlieae movements were not merelv 
Higns of the laat death-sti-uggle, and bo I expressed lujbelf. Presently 
Dr. Johnston said, ' See hei-e, doctor, see how she kieka ; elie ia coming 
round again ; ' and very soon they all said, ' She is safe at last.' I ]-»- ^ 
plied, ' For heaven's sake, keep her safe ; I beg you not to put her on t 
table agaiii luitil she is conscious.' This was the first and only suggestita 
I made during all these anxious momenta, and it was acted upon ; for i' 
V--BS held in the vertical position till she, iu a manner, recovered semi-ci 
Bciousness, opened her ej-es, lookeil w-ildly ai-oimd, and asked what t 
the matter. She was then, and not till then, laid on the table, and t 
present felt quite as solemn and thankful as I did ; anil wo all i 
grasped Nl-laton's hand, and thanked him for having saved tJie life of tJ 
lovely woman. 

" In a few minutes nioi-e the operation wiis finiahed, but, of com 
without clilorofomi. The sutures were quickly assorted and sepai^ate^ 
twisted, and the patient put to bed ; and on tlie eighth diiy thereafter j| 
had the liappiness to remove the suhu-es in the presence of SL Nflato 
and show him the success of the operation." 

Ajypareid death from chloroform-^Hiamstiyiiation of flw patient by tracheo~ 
lomy. — Male, thirtj--six years, ruptiu^d his urethra by falling aetiide of 
the edge of an iron box. Four years afterward, September '11, 1878, lis 
entered Guy's Hospital with retention of urine. On October 18th he n 
chloroformed, and during an attempt at cutheterism he suddenly s 
breathing. Sylvesterism faile<l to give relief, ivs no ait' entered the c 
Drawing the tongue forward did no gooil. The patient's face and iieol 
Ijecame deeply congested. Tracheotomy was inmiediatelj performec" 
With the first incision into the trachea, air began to pass through t' 
wound, and artificial respiration tob immediately recommenced. Consi 
erable blood foumd its way into tne trachea before the canula was intro^ 
duced, and this had to be eoughed up. Gradually the face returned to its 
normal appearance, the hemorrhage ceased, and tJie spasm of the glottis — 
for such it seemed to be— disappeai'ed. Tlie patient made a good recov- 
ery. On a subsequent occasion, when made to inhale ether, a similar 
spasm occurred during the stage of excitement, but without paralysis of 
the respiratory muscle, so that no harm followed. — Jiril. Mril. Jour., Octo- J 
ber 26, 1878. 

In this case it i» probable that the advantage to the patient was not aa- 1 
much owing to the mere opening of the trachea as to the relies excitement ] 
caused by the iudsiuu. It im no uncommon thing in the physiological lab-. , 
oratory to n-itness the resumption of breathing by an osph^-xiated a 
when the firat incision thi-ough its skin is made. _ 

Death from chloroform avnied by the inhahiion ofamylic nilrite.- 
forty-nine years, married, thin and nervous, but otherwise in good L 
A fattj' tumor in the left lumbar region requiring removal, E^e receive 
two teaspoonfuls of imdiluted brandy, followed after a few minutes by tt 
inhalation of chloroform. A drachm was poured on liiit, and inhaled 1 
slowly. This produced no apparent eftect. A second drachm caused ex-, 
citement, talking, and struggling. This gi-adiutUy subsided, and she ii 
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heeomiug msenaible, when she made aji aboi-tive effort to vomit, and miaed 
her head from the pillow. Ab bIio did bo, tlie pulse flickered and stopjied 
altogether ; she gasped ; foam gathered on her lips ; her jaws beoanie 
rigid — she seemed to be dead. Cold water affusion, pulling the tonjfut, 
and artificial respiratiou after the manner of AlarBhali Hall, utterly faileiL 
Nitrite of aniyl was then poured on lint^ and held to her nostrils. In about 
ten seconds there tvae flushing of the face, the pulse was again felt, respi' 
ration was resumed, and all went well to the conclusion of the o^jcration.— 
Jirit. Med. Jour., August 18, 1877. 



ANJiSTOETIC MIXTURES. 

The ilaugers which soon became conspicuous from the use of chloro- 
form have suggested the use of \-(irious inistoi-es with tlie hoije of dimin- 
ishing the penis of auipstheBia fi-ora that agent A mirtiu'e of tla-ee pai-t« 
of ether with one part of chlorofoi-m has been usetl more than eight than- 
simd times in Vienna without au unlavoi-ahle result. Linhart has recom- 
mended the use of a mixture containing alcohol oue paH and chloroform four 
parts. Billroth constantly uses a mixture contniuing three parts of chloroform 
and one part each of sulphuric ether and alcohoL Sansom found that alcohol 
" hod the greatest effect in sustaining the heart's action during the influ- 
ence of chloroform." He found it impossible to Vill with clilorofonn a 
frog wliich had previously Jnlmled the vaj>or of uk'ohoL In liia opinion, if 
chloroform is to he used without an inhaling ai>ijanitu9, to insure a sup- 
posed uniformity of sti-ength of vapor it should be mixed with alcohol, or 
with alcohol and ether. James Tovniley ("Pai-tiirition ivithout Pain or 
Loss of Consciousness." London, 18G3) advised tlie use of an anodyne 
lidxture comiwsed of " alcohol, two ounces ; one drachm of aromatic tinc- 
ture ; with sufficient chloi-ofoi-m added short of tlie production of a tm'bid 
Ktate of the fluid," The formula for the aromatic tinctui-e is ; " One drachm 
of nutmegs ; two drachms of cloves ; pterocarp chips, a drachm and a half ; 
water, four ounces; alcohol, five ounces." This agreeable mixture was 
successfully employed by Dr. Townley in obstetrical practice, for the pm- 
pose of blunting the sensibihty to pain without aboli^iiug couuciousness. 

The Committee of the London Medical and Chirurgictd Society recom- 
mended (Med.-Chir. Trans., voL jdvii., 186i) three diflferent misturea: 

Mitlnre A. — Alcohol 1 part. 

Chloroform 2 piui«. 

Ether li jiarts. 

ifieturf B. — Chloroform 1 part. 

Ether 4 parta. 

Mixture C. — Chloroform 1 jMirt. 

Ether 2 ]hu1*i. 

The committee stAtod that : 

"It was found tliat the physiological eflects of the Mixtiue IJ wei-e 
very siinUm' to that of simple ether ; an animal might inhale it fiu" forty or 
fifty minutes, even in a tolerably strong form (Ifi per cent.), without de- 
stroying life. 

" The mixtures A and C were very similar to each other in their action. 
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This quite ftccordetl with the fact thftt the proportiou of chloi-otorm 
the same in both. The mode of their action, luoreover, ww iiitemieiUata 
Ijetween that o£ ether auil that of clilorofonn. 

"Thene misturea eserciseil a much less depressinp effect upon th»| 
action of the heart than chloroform alone. In thie respect, a;;iun, the- 
mixtures appeared to combine the qualities both of ether and of chloro- 
form ; it being clcai* that, at the same degree of insensibility, the depres- 
Bion of the heart's action was less irith either mixture (A or C) than with 
cidoi-oform. 

" These considei'ations tend to establish the fact that a mixture of ether 
and chloroform (such as A or C) is as effective as pure chloroform, and ■ 
safer agent when deep and prolonged auiesthesia is to be induced, while 
at the same time it is suffidentl^r rapid in its operation bi be convenient 
for general use. 

" Of the two mixtures, preference is, in the opinion of the conunittee, 
due to A, on account of the uniform bleniling of the ether and chloroform 
when combined with alcohol, and probably the more equable escape of the 
constituents in vapor. The alcohol which it contains probably stimulatsB 
and sustains the action of the heart." 

The advantages connected with the iiso of these alcoholic and ethereal 
dilutions of chloroform consist in a more perfectly sustained action of the 
heart and of the respiratory centre. The disadvantages consist in aD ir- 
regular rate of evaporation, and in a consequent variability of the nature 
of the ansesthetic substance. The committee above quoted found thai, 
by saturating a cloth with a certain quantity of the ether and chloroform 
mixture, and exposing it to the air, the percentage of loss after three min- 
utes amounted to eighty-nine parts of ether and seventy-five parts of 
chloroform. After evaporation for fifteen minutes the loss was ninety-tliree 
parts of ether and eighty-five parts of ciiloroform. J 

Elba (" Anii'sthesia vrith Mixed Vapors," London, 1866) fouaid tha^fl 
when the Mixture A was evaporated, during the six or seven minutes re- J 
quired for the evaporation of half a drachm {two grammes) of the liquid, ' 
<be vapor of ether, almost exclusively, was given off during the first minute, 
the vapor of chloroform predominated during the next three minutes, uid 
the evaporation of the alcohol occupied the last three minutes. The com- 
mencement of inhalation with this mixtui-e would, therefore, place the 
patient chiefly under the influence of ether, while the condition of an- 
iBsthesia, at the moat dangerous stage of the process, would be established 
by the vapor of ciiloroform, leaving the confirmation of insensibility to the 
moderately efficacious alcohol. This would be true if only a measured 
quantity of the mixture were inti^uced into on inhaling apparatus ; but, 
when administered by repeated aOtision upon a naiikin, this objection loses 
much of its force. The occurrence of several fatal cases under the use of 
these mixtures is a sufficient demonstration that they are not devoid of J 
tlanger. 1 

Dealh/rom inhaling a mirture of chloroform and alcohol. — Male, twenty- I 
three years, dragoon, very intemperate. Examination of an injured elbow. 
Two or three dxacluns of a mixture, composed of one part chloroform to 
two parts alcohol, were given on a sponge in a tubulated bell-gliws. Hav- 
ing breathed this for five minutes without effect, a towel was substituted 
for the inhaling apparatus. Some excitement was soon manifested, but 
neither the respiration nor the pulse were affected at first. Suddenly, 
however, the eyes were turned upward, the face became turgid, the mosclea 
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relftxed, and the patient vomited. Tlie pulse, which had lieen beating at 
the rate of 100, stopped instantly. It was thought that Tomited matters 
were obstructing the glottis, and in fact a lar^re piece of cabbage was re- 
moved with the finger from the pharynx. Tlie patient breathed two or 
three times after vomiting, but the heart did not move again. Artificial 
respiration did no good. Autopsy. — The stomach contained unmosticated 
food ; the hmga were full of blood ; tlie heart waa covered with fat ; it 
weighed fourteen ounces, and its muscular structure had undergone fatty 
degeneration. — W. A. HAuiiioNn, U.S.A. ; Am. Jour. Med. Sci., p. 41, July, 
1858. 

Death from inhaling a 'mixture of chloroform, ether, and alcohol. — Male, 
thirty-five years ; had previously undergone amputation of the leg for a 
railway injury of tlie ankle. Necrosis of the end of the tibia required a 
second operation. A mixture, containing alcohol one part, chloroform two 
parts, ether tlu'ee parts, was used. Before auieatheaia could be induced 
the patient became convulsed and died. At the previous operation he had 
inhaled pure ether alone, without any accident. — Morton and Hewbon, Penn- 
sylvania Hospital, May 4, 1865 ; Am. Jour. Med. Sci., p. 415, October, 187G. 

In order to obviate the difficulties arising fi-om the different rates of 
evaporation of alcohol, chloroform, and ether, Ellis (loc. cit.) conceived 
the idea of mixing their vapors instead of the liqiiid substances. For 
this purpose he constructed a very ingenious, expensive, and complicated 
apparatus, consisting of an elaborate mouth-piece and mask for the face, 
to which was attached, by an appropriate complication of tubing, a con- 
tainer provided with not less than three chambers, that could, by a skilfully 
adjusted sj'etem of valves, be separated from or made to communicate 
witli a common apartment, mto which opened the tube from the mouth- 
piece. In one of the many chambers, chloraform, in measured quantity, 
was carefully evaporated ; in another, ether ; in another, alcohol was en- 
couraged to change its state. Fi'oni these evaporating-rooms the vapors 
were conducted at will, by opening the proper valves, into the receiving- 
room where they were thoroughly mixed in the desired proportions, and 
whence the compoimd was drawn through the mouth-piece iuto the lungs 
by ordinary inspiration. It is not recorded that this valuable apparatus 
was ever duplicated, but it will long continue to occupy a high position 
among the tangible evidences of surgioal ingenuity. 

Ifte mixture of amijlic nitrUe with chloroform has been employed by sev- 
eral American physicians (see article on Amylic Nitrite). For brief opera- 
tions it boa given good Batisfactiou, but it is doubtful whether its pro- 
longed odminlsti-ation may not be attended with danger. 

Duiing tlie loat few years the production of arKEelhena by the fiuccf»»ive 
inhi^ion of nitrous oxide gas and eihir vapor has been practised in Eng- 
land under the auspices of Hilr. Clover. He commences the inhalation 
with niti-ous oxide and completes it witli ether, or ethidene dicbloride, or 
whatever other auiestlietic vapor may bo desired. By this means it is 
thought to avoid the initial excitement which sometimes follows tlie com- 
mencement of ether-inhalation. The time necessary for the production of 
aiuestbesia is thus considerably shortened, especially when the patient is 
made to reinhale his own breath, and the quantity of ether that is needful 
is thus gi'eatly diminished. The complexity and bulk of the necessaiy 
ftj^Htratus will, however, always tend to restrict its use within comp;ini- 
tively narrow limits. The explosive character of the mixture of nitrous 
oxide with ether vapor ahould Dot be forgotten. 
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X AN-4MTUKSIA AND A^f-ESTIIKTICS. 

Death during iiiiialalioii of nttrous oride and etiiei: — 1. llale, 1 
pftle, about to nndergo a partial removiJ of the tonyue. Partial t 
an was induced by the inhalation of nitrous oxide gaa, which was then iw- 
lowe<l by the mUiiimstration of etiier in a cone of hnt covered with oiled 
silk. The patient made very little resistance, and wao soon fully ether- 
ized. The operation w:ui iu progress, with very little loss of blood, when, 
about live minutes after its con imencenieut, the face became purple. The 
pu]i« was good, but respiration was superSiual ojid gurgling. Artificial 
respimttun was commenced, but imtmiil breathing soon ceased, tJiou^ 
the pulse continued to beat for some time longer. Electiicity and iuvei- i 
sion were tried without efl'ect Aulopsij. — The usual evidences of &»- J 
phj-xia were present, and in the trachea wiis a large blood-clot, occluding' J 
the passage. — Bajlev, Cancer Hospital, liondon ; Lancet, July, 1875, * 

2. Female, fifty-five years ; femoral hernia, wliich had been straugulatod 
for over forty-eight hours. She was much eshxusted by frequent vomit- 
ing. Nitrous oride gas and ether wei-e successively given by means of 
Clover'a inhaler. In abovit four minutes she was well under the infiuence 
of the aniesthetic, without any previous excitement. Taxis was then at- 
tempted, when almost iuunediat^'ly the patient became pide, and recom- 
menced vomiting stercoraceoua matter. At the same time the respiration 
became weak, and the pidse was imperceptible. Ailifieal respiration was 
employed for a few minutes without effect An enema, containing three 
ounces of brandy, was then odniinistered. Ammonia was held under tha 
nose, and wa-t ahto injected Into the right median basilic vein, but without 
result. The patient died within about ten minutes after the appearanoQ< j 
of olai'ming s_>'mptoms. Auk'pmj. — Stercoraceous matter in the tracheOiI 
and riglit bronchus ; right side of the heart and the large vclus were fuln 
of dark fluid blood ; veuti'iculai- avails thin and flabby, the cavities slightljM 
dUatefl, left veutiicle empty ; numerous patches of atheroma in the axeii aS\ 
the aoi-fau— Univei'sity College Hospital, Loudon ; Medical Times and £?at,ij 
March 17. 1877. 

Tlie use of opialcM in comiectiun vHh the operations of surgery has h 
practised from remote antiquity, but their employment for the puipose ctM 
modifying and perfecting the amestbetiu process is of more i-ecent origin. Y 
Pitha relates ( H'kiifr WovheitiKhi:, 25, 2G, 18C1) that, having unsucceB»* ' 
fully attempted for two hom's to onicsthetize a patient, first with a mixture 
of ether and chloroform, and then with chloroform alone, he finally injected 
into the rectum a solution of the extract of belladonna. This overcame 
the difficulty, and the patient passed into a condition of amcstheaia thsk j 
persisted for twelve hours. He then awoke, with no other disogreeal^ 
consequence besidesthe ordinary disturbonues of ai'commodatiom Iul86I 
NuBsbaum discovered tliat, by the h^'podermic injection of morphine at di 
commencement of inhalation, the amL'sthesin produced by chloroform coul 
be prolonged for sevei-al houfs. A few years afterward a German BUi^ec 
named Uterhart {Berlin. kUtt. Wocb^nnchi:, Nr. '6% 18e8) attempted to r 
duce a dislocation of tlie shoulder which bod occurred in the person of »"! 
drunkard under his care. For this pm-pose he had attempted to relax the pa- 
tient by a hypodermic injection of moiphine ; but, failing in this endeavor, 
he resorted to the use of chloroform. To his surprise, he found that an unu- 
sually small quantity of the anaesthetic was required to produce the desired ■ 
effect. Piu-Buing the subject experimentally, he came to the conclusloit J 
tliat the injection should procede the cummeucement of inhalation by id:l 
least ten minutes. In the meantime the subject had been carefully e::<t^ 
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amined by Claude Bernard, whose attention had been aiTested, iii the year 
1864, by the foUo^ring inL-ideut; while experimenting with the alkaloiils 
of opium, he injected under the skin of a dog, which had so far recovered 
from chloroform that the conjuncti\'a again manifeated sensibihty, five cen- 
tigrammes {about three-quartere of a grain) of hydi'ochlorat© of morphia; 
the animal wa-s speedily narcotized by this dose ; but thia waa not all — the 
insensibility due to uhlorofoi'm reappeared. This was the same phenome- 
non whiclt, during the same week, Imd been observed by Nussbaum in the 
case of a woman whom he bad kept under the influence of chloroform for 
an hour, until, thi-ough fear of danger fivin so long an inhalation, he had 
withdrawn the anieathetic, and had sought to replace its influence by a 
hypodermic injection of moiphiiie. Ileversing the esiwriraent, Bernard 
found that the injection of morphbie rendered animals more sensitive, or, 
rather, more excitable than ia untnraL The iubolation of chloroform vapor 
abolished this excitability as well aa the normal sensibihty of the animaL 
Iiess chloroform was needed to produce amiesthesia than without morj>hine, 
and the anscBthetic state persisted for a long time after the witlidi-awal of 
phloroform. In this condition the animtU remained perfectly passive, re- 
laxed, and insensible^a condition extremely favorable to the perfonaance 
of difficult vivisections, such as section of the lingual ner\'e in the phamji 
at its point of emergence, an opemtion which is ahnost impossible undei* 
the influence of chloroform alone. Tlds combination of effects, and espe- 
cially the reappearance of insenaibihty after the addition of moi'phine to 
chloroform, aa in the case of Nussbaum, and in the dog obsen-ed by Claude 
Bernard, is due to the fact that the two substances tend to depress nervous 
Benaibility. They supplement each other, so that with morpliuie a smaller 
amount of chloroform in the blood is miflicient to render the nerves lusen- 
eible. The nervous excitibihty above mentioned is not an indication of 
iiicreased nervous vigor, but impUes quite the reverse. In the lower ani- 
inaJs, in which it is so conspicuous, it is one of the direct eflects of the de- 
presung action of 0])iateH, and is coincident with an actual diminution of 
sensibihty. This is proved by immersing in acidulated water the paw of a 
fi'og which has received an opiate sufficient to render the creature exces- 
sively excitable. The animal remains insensible to the Eiction of an acid 
liquid that would excite a hvely manifestation of pain on the part of a fi'og 
which had I'eceived no opium. 

£xtending these observations to the respiratory organs and to the 
heart, it appears that morphuie deadens the sensibility of tlie respiratory 
paaaages to such a degree that tlie inhalation of chloroform vapor produces 
leas reflex distiu-bauce of the respiration and circulation. The pressure 
of the blooil is also better sustained in the arterial system by tlie stinmlat- 
mg effect of morphine upon the contractility of the arterial coats and upon 
the motor ganglm of the heart 

Claude Bemai-d lias collected {"Lecjons but les Aniesth caiques," Paris, 
1876) a large number of cases contributed by his pupils, illustrating the ad- 
vantages whicii are connected with the combined administration of opiates 
and chloroform. Quite insignificant quantities of morphine injected hypo- 
dermically, half or three-quarters of an hour before inhalation, rendered the 
induction of anasthesia less dillicnlt and attended vdth less than ordinary 
excitement, (iuibert fomid that, after only one or two centigrammes of 
uoruhine had thus been injected, the inhahition of a very small quantity 
of chlorofonu waa suflicieut to aUevhite tlie sufl'erings of parturition, and 
to render tolerable many of the minor operations of surgery without abolish- 
ing the consciouanesa of the patient Dr. Grasjeau ^loc. cit), concluded 



from the experience of MM. Rigaiid and Sarazm, in the hospitals of SI 
burg, that email doecB of morphine (less than one centigramme) gave 
best reaulte by injection about forty minutes before operation. If tlie in- 
jection woe mode immediately before the commencement of inhalatiou, the 
period of excitement was augmented. If a large dose naa used, there vfoa 
danger of death by asphyxia — an opinion shored by Demarquaj, who hod 
met with serioiis consequences following mixed aniesthesia. All obsen-ere 
agree that the after-effects of this method are exceedingly gratifying. 
Druiikards, and otlier individuals who tolerate chloroform with difficult 
on acoount of the degree of excitement produced by its inhalation, are 
dered quite tranquil by preliminary iujectiou of morphine. If used 
caution the dangera of this foi-m of mixed anaesthesia are probably 
par with the dangers fi'om the use of chlorofoi-m alone. 

As a result of his experintenta in treating the same patients, sometimes 
with chloroform alone, and sometimes with chloroform and moqihine, 
making an injection about twenty miuut«s or half an hour before the oper- 
ation, Kappeler concludes ("Amesthetica," p. 209) that the course of the 
resulting aniostheaia does not materially vori' under either set of coQditiona. 
He, however, beheves that the character of the ansestheaia is more tranqnil, 
and that the patient passes more rapidly, and with less excitement, into the 
stage of insensibility. Abusers of alcohol are often found as exceptions to 
this rule. The depi-essiug effects of chloroform upon the heart are gener- 
ally diminished by the Euldition of moi-phine ; but the same reduction of 
the frequency of the pulse is obsen*ed, and sometimes a very al aiming 
irregularity and weakness of the pnlae necessitates an interruption of the 
inhalation. Tlie temperature of the body is reduced with and without the 
use of morpliine. Irregular respii-atiou, dilatation of the pupils, and mus- 
cuhir rigidity at tlie commencement of inhalation, ai-e diminished by the 
combination of chloroform with morphine. Vomiting occurs more fre- 
quently with than witliout morphine. By reducing the necessity for large 
doses of chloroform to produce the desired degi-ee of oncesthesia, Kappeler 
thinks that the dangers of chlorofoi-m are somewhat diminished. Thw will, 
of course, depend upon the quantity tliat is used, and upon the individual 
susceptibilities of the patient The doses recommended — 0,015 (about 
one-tifth of a grain) for adults— are pitsbably within the hniita of safety. 

All physdciaus, however, are not convinced of the advantages of this 
combination of morphine and chloroform. M. Demai-quay observed that 
the temperature of animals subjected to this ti'eatment often sauk from 
two to four degrees of the centigrade scale. His conclusion was unfavoi'- 
abla to the emploj-ment of tliis species of auEesthesia. During tlie siege 
of Strasburg, in the last Franco-German war, Dr. Poncet, one of the prin- 
cipal surgeons, employed this method for a time in the treatment of the 
wounded upon whom he was obhged to operate. He soon abandoned the 
practice, on accoimt of the dangerous stupor whicli followed the combina- 
tion of the two drugs. While not disposed to condemn the method when 
apphed to the treatment of minor injuries, it was his opinion that the se- 
vere operations and accidents encountered in mihtary siu-gery could not 
tolerate the prolonged aucethesia that i^ produced by the coacurrent 
tion of moi-phine and chloi-ofomi. 

Similar opinions have been deolai-ed by M Chauvel, of Val-de-Graca , 
by Pietri ; and, in a qualified manner, by Professor Koenig, who has ana- 
lyzed not less than seven thousand cases treated in this way, According 
to his experience, the hypodermic injection of moi-]jhiue before inhalation 
of chloroform is useful in the case of professional druukarda and chronic 
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tipplers. By this introduction the period of excitement under chloroform 
is considerably nullified. He also recommenda tliis combined anieathema 
in protracted operations which render the continuoua inhalation of chlo- 
roform inexpedient Among the more than seven thousand caseB col- 
lected by Koenig, not a single death was reported — a fact which seema to 
iwlicate thut this Idnd of amuBtheuia is less dangeroim in civil than in mil- 
itary life. 

ClUoTol and chloroform. — Forn6 makes the statement that the adminia- 
tratiou of chloral hydrate in connection with the inhalation of chloroform 
producea an effect upon the patient that very closely resembles the effects 
produced by the combined use of morphine and chloroform. In a diacus- 
sion of this affirmation before the Chirurgieal Society of Paris, Dolbeau 
and Demarquay insisted upon the tlangers attending such n combination. 
H. Dolbeau related the case of a patient who had unintentionally taken a 
dose containing ten grammee (neai'ly eight scruples) of chloral previous to 
&a inhalation of chloroform. Other surgeons have spoken, some in favor, 
and some against this association of therapeutical agents. 

JHorp/tine and ether. — Claude Bernard observed that, when dogs were 
hypodermically injected with moi-phine before the inhalation of ether, the 
period of excitement was prolonged and i-endered more tempestuous. 
Eulenburg also came to the some conclusion. Kappeler experimented 
upon twenty-five patients, injecting one and one-half centigramme (one-fifth 
of a gi'ain) about twenty or thirty minutes before the commencement of 
etberizatiou. The results wei-e vei-y unpleasant. Subsequent heailacUe 
and nausea were greatly aggravated by this mode of treatment In only 
nine of the twenty-five cases was there anything like success. Five caaes 
yielded partial resulbi, and twelve cases failed completely. Vomiting oc- 
curred nine times, eitlier during or after the period of aneesthesia. 

Chloral and dhtfr. — Kappeler has also made trial of the association of 
chloral hydrate with ether. His experiments were extended to seventy 
caseH. Thirty or forty minutes before the admiuistrstion of efJier he gave, 
to adult patients, two grammes and a half (forty grains) of chloral hy- 
drate. Children received bnlf of this amoimt^ The chai'acter of the 
anesthesia ])roduc«d by ether under these conditions was not materiaUy 
altered. The piincipal diflerence consisted in the longer duration of in- 
eensibility, and the moro lingering recovery of consciouBnesB. Vomiting 
occurred in twenty-nine of the seventy cases. The degree of proHtration 
and the diu-ation of headache, etc., seemed to be greater than when ether 
alone had been employed. On the whole, though ratlierless diisagreeable 
than the association of morpliine with ether, there is vciy little ia recom- 
mend this mode of inducing amesthesia. 

Dealh/rovi Ike effects of chloral and ether.. — Male, thirty-five years ; ne- 
crods, foUowing a gunshot fracture of the femur. The patient was reduced 
by a copious discharge of pus from numerous sinuses, and amputation was 
deci<led upon. Just before the administi-ation of ether, twenty grains of 
chloral were given. After the amesthesia had become complete, he was 
kept imder the influence of ether for a little while, during transpoi-tation 
into the operating-room, before the commencement of the operation. Just 
ati the surgeon was about to perform the amputation, collapse occurred, 
and death followed at once — Mohtox and I^is, Pennsytvauia Hospital, 
1872 ; Am. Joiir. Med. ScL, p. il5, October, 187C. 

Death xehiie inhaliitg a mixture of ether and amylic hydride. — Male, six- 
teen years, a delicate boy, about to be operated upon for the removal of 
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(liBeased Tx>ne from the hiinil. About an ounce of n nurtnre of etlier 
amylic hydriile wna given, the two fluidn l>emg mired in such proportioiw 
ae to give a specilic gravity of 0.G50, This was inhaled from a piece of 
lint, with very little disturbance, and at the end of four minutes the 
patient was quite innensible. Suddenly the respiration ceaxed, the face 
grew pale, and the pupils were widely dilated. The pulse also stopped ■&< 
about the same time. Cold affusion, inversion of the body, artificial 
ration, and electrization of the phrenic nerves, did no good. Autoj^i 
negative. — Hardie, Mnnoheoter ; lancet, April, 1876. 

Death while inhaling a viixture of sulphuric ether and bichloride ^meth- 
y/pHf.— Female, sixty-two years, about to be operated upon for an ovarian 
tumor. After inhaling about five drachms of the mixture she became un- 
conscious, but suddenly appearing to revive, opened her eyes and 
urine ; the pupils were largely dilated, and the pidse could not be 
Artificial respiration, etc., did no good. Aiitop^j, negative. — Brit. 
Jour., p. 290, Mai-ch 2, 1878. 
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AHTIPICIAL AN-*:BTHESIA IN OBSTETRICAL PRAOTICE. 

The employment of ether in the production of artificial anipsthesia h 
no sooner been introduced to the medical profession, than the idea « 
conceived of annulling the pain of childbirth by its aiil. Sir James T^ 
Simpson became at once the most euthusiastie chanipiou of the nei 
method, and it was soon, lai'gely through his efforts, naturalized thronglK 
out the greater part of the civilized world, A certain amount of oppo ' 
tion to the new practice was experienced at firsl^ on the groimd that t 
pain of childbirth being a constituent part of a natural process, theTV * 
could be no real advantage in its abolition. This objection was based upon 
a dim pei-ception of a great fact which was overlooked by the first advo- 
cates of obstetrical aniesthesia, but which in a scientific form has now been 
adopted by all intelligent obstetricians. This was the fact that really 
normal labor is not a painful process. It is sometimes a difficult and tire- 
some effort, but not necessaiily a painful effort. The use of auicsthetics 
in such labor can afford no advantage— may ei-en work an injurj- to the 
patient. But in civilized society the majority of mankind are living under 
quite abnormal conditions. As a consequence of this, the repi-oductivo 
functions suffer disturbance in a manner that becomes more conspicuous 
than the minor affections of the other bodUy functions. Woman, being 
more sensitively organized than man, exhibits these reproductive derange- 
ments in their highest degree. Hence, in civilized society it is the Tule^ 
rather than the exception, to find parturition attended with a high degree 
of suffering. Such suffering, it is true, may be occasionally remaijced 
among savage races of people who are quite in harmony ivith their environ- 
ment, just as it may sometimes be discovered among the lower animals ; 
but such e:<ampleB are the exception, and not the rule, as in civilized 
society. As soon as these abnormalities intervene, we no longer have to 
deal with natui'al labor, in which the employment of artificial anEestheaia is 
superfluous, but we are placed under artificial conditions, in which artificial 
adjuvants may be as serviceable as in any other departure from nature. 

The use of amcsthetics is, therefore, perfectly justifiable h 
painful obstetrical fimction, on precisely the same gi-ouud t' 
anodjniea in painful menstruation ia defensible. 

In all cases of normal parturition, the employment of a 
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uuclesirable as woiUd bo the jimctice o( using opiates during the period of 
normal meiistnuitioii. 

Parturitioa may be considei-ed an oonaiBting of three stages : 1, the 
stage of dihitation ; 2, the stage of expulaiou ; 3, the stage of delivery. 
The fii-st of these stages is of exceedingly vaiiable quaUty and duration. It 
may be quite free from pain, or it may become the most unendurable of all 
the stages of parturition. Nervoua and initable women often suffer ex- 
quisitely dming the process of dilatation, but are comparatively qmt« com- 
fortibla when once the lancinating pains of this period have been trana- 
foi-med into the steady, expulsive efforts of the second stage. 

The qucutions which arise in the mind of the obstetrician, when called 
to a case of painful labor, are ; "When to give an ansesthetic ? What to give ? 
and. How to give it ? 

Some authors have refused to sanction the use of auEesthetics dnring 
the fii'st stage of labor, reserving it as a means of solace duiing the second 
titage. But when we see patients suffering moi'e severely during the first 
utago than during the second, tliis seems like an unnecessary I'efinement. 
Eadi case should be estimated by itself, and pain should be alleviated with- 
out regard to the time of its occurrence. This decision — to uileviale pain 
^— will be found a very different thing fi-om a detennination to abolish pain 
altogether. The unfavorable resulto whicJi have been ascribed to auicsthe- 
aia during an early period of labor have been due to an excessive use of the 
aiuesthetic rather than to its use at all 

The use of antestheUcs hai-iug been decided upon, the choice of an agent 
comes nest in order. Chloroform iB the obstetrical aoffisthetio par eMxl- 
ience. Its convenience, the agreeable effects of its inhalation, and the very 
trifiing degree of changes which accompanies its use, all imite in maintain- 
ing for this elegant preparation the lirst place among ami'Sthetic agents pre- 
fen-ed by the obstetiicijui. This, however, shoiUd be tnie only of its use 
aa an anodyne. When complete auiiistbesia is required for the graver 
operations of midwifeiy, sidphmic ether should be preferred to all other 
articles. 

The question. How to use anajsthetics in midwifery ? can best be an- 
swered by a i-eferenco to their physiological action upon the nervo-muscii- 
lar apparatus. Tlie primai-y effects of moderate etherization aro apparent 
in DJX increase of functional power throughout the body. The secoudary 
effects are manifested in a progressive paresis, invading the lower extrem- 
ity of the spinal cord with its dependencies, and extending upward until 
the respuTitoi'y centres in the medulla oblongata are reached. Therefore, 
■when the object of inhalation is merely to dea<len jjain, it may be carried 
to an extent sufficient to effect this single purpose. Dnring the first stage 
of labor, then, chloroform may be used with conipaiiitive freedom, if the 
pain is snffitient to require its use. An opiate, or a dose of chloral, may 
often be sufficient for the purijose ; but distressing cases will occasionally 
present themselves, in which nothing less than the more potent amesthetica 
■will suffice. 

Continual attention to the general stjite of the patient should occom- 
|)any the uso of the aniesthetic, and the vapor should be furnished aa econom- 
ically at) possible. It is never necessary to reduce the patient to silent 
insensibility. It should be remembered that there is a point in the process 
of onivsthosia where consciousness of suffering is abolished, though the pa- 
tient w still able to talk — to cry out, even, asif inconsiderable pain. Beyond 
this point it ia undesirable to push the induction of aniesthesia. It is no nn- 
xmatd event to hear a woman declare, at the close of a tedious labor, during 
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wliicli hpr complaiiita have lieen moat volulily uttered, deFqiite consi 
iuLaktionB of chloroform, that the whole period Imd not seemed lonj 
thflu fifteen miuutes. "It tflkes off the edge of the pain," is luiother 
common eipreaaion. Surely, an agent which can be used in this way mi 
be of the greatest advantage to sufl'ering humanity. 

During the second stage of lalwr, the administi-ation of chloroform must 
be modified to eorrcBpond with the change in the character of the pain. The 
suffering, which was previously almost constant, now becomes more inter- 
mittent, and the intei-vals are more sharply defined by their greater con- 
trast with the suocenaive periods of effort. The administration of the anK»- 
thetic should be correspondingly intermittent. It is adrisable to withhold 
the vapor during the interval, and to renew the inhalatiou at the commence- 
ment of each pain. By this method the stimulating effects as well as the 
anodyne effects of the drug will be sustained. This will obviate the most 
serious objection that has been urged against the employment of chloro- 
form during the stage of labor. It is a matter of daily obsen-adon that, if 
complete aun^Bthesia be induced, the contractions of the abdominal muBcles 
are weakened or completely annulled, and the utei-ine contractions occur 
less frequently than in the normal condition. This is the natural conse- 
quence of the sleep of the spinal cord which results from the saturation »t 
its tissues with an anntsthetic. The voluntary muscles are the first to yield ; 
then follow the muscles which are used in semivoluntaiy expulsive acts ; 
finally, the non-striated and purely invohmtary muscles, like those of the 
uterus, bladder, and intestines. Accordingly, if the patient be placed in a 
condition of profound aniesthesia, the diminished refies excitability of the 
cord is indicated bj' the lengthening intervals between the pains, or even by 
an almost complete cessation of the abdominal coutractiona. The uterus 
will ordinarily continue to contract, even though death itself should be im- 
minent ; but its efforts become infi-equent and devoid of their 
energj'. 

For these reasons, it is undesirable that the condition of compl< 
antesthesia should ever be established in a parturient woman, imless for 
the avowed purjjose of diminishing and retarding uterine contrectioii. 
This can only be desirable when some obstetrical operation is to be under- 
taken. During the normal progress of ordinary labor, the anodyne and 
stimulant effects of amestbetics ^lould be the only object for whicli inhala- 
tion is undertaken. Especially should this be true of the use of amesthet- 
ica at the climax of labor. During the last supreme efforts the patient 
should have the aid of her senses, to supplement the involuntary uterine 
contractiona with those powerful voluntary exertions which can be intelli- 
gently and efficiently directed only in a condition of conscious sensation. 
From this rule we diould not depart^ except in cases where the expuMve 
efforts are inordinately violent, and are accompanied by a condition of 
frenzy which renders tie sufferer temporarily incapable of controlling her 
actions. Inasmuch aa this frenzied state may in certain women be induced 
as a result of the combined action of pain aud of partial anfesthesia, it will 
be found advantageous, in cases where there is evident lack of energy, to 
suspend the administration of chloroform long enough beforehand to se- 
cure a complete restoration of intelligence at the moment of delivery. 
When the suffering is continuous, and when the pains are at the same time 
abundanUy energetic, it is better to procure complete anicstheaia at tlie 
instant of deliveiy rather than to i-un the risk of being called upon, at that 
critical moment, to deal with an uncontrollable maniac. 

"With the birth of the infant the aujesthetic should be withdrawn, ua- 
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leas some wirgicaU operation, Biich as plucing a Btitcb in a lacerated peri- 
neum, Hhould require its continued use. As a remedy for after-pains 
chloroform can bardly be required. Opiates and chloral hydrate are usually 
sufficiently efficacious without recourse to more potent anodynes. The 
possibility of hemorrhage as a consequence of too abundant or long-con- 
tiuued use of chloroform should not be overlooked. This could only occur 
in oases of great exhaustJOD, associated with aniesthesia carried to its last 
degree, producing a temporary paralysis of the uterine muscular fibre, 
Whenever a necessity may arise for the induction of profound anaesthesia 
at the conclusion of labor, it should be preceded by a tnistworthy dose of 
ergot, so timed that its contractile effect may immediately succeed the re- 
lanug effects of the chloroform. That it may interfere with the desired 
relaxation need not be feared, for the experiments of Claude Bernard have 
demoustrated the almost total arrest of the action which takes place when 
various drugs are exhibited in ooimection with chloroform. The retarded 
actions of strj-ehnia and of cm-are are familiar examples of the inhibitory 
action of ontesthetica upon other powerful neurotic drugs. 

The possible effects of chloi-oform upon the fcetus must not be neg- 
lected. When administered in small and stimulating doses during the 
pains alone, the new-born infant rarely exhibits any symptoms that can be 
certainly refeiTed to the antesthetio ; but an excessive saturation of the 
blood may pi-ove dangerous to the child. Inasmuch as such cases are gen- 
erally associated with tedious and difficult labor, it is not an easy matter 
to decide, when a dead child has been dehvered with the aid of forceps, 
whether death was caused by long-continued pressure or by chloroform. 
Tumboll relates a case in which a woman received three pints of chloro- 
form during a protracted labor, and was finally delivered wth forceps of 
a child which was no completely narcotized that every effort for its resusci- 
tation failed. When one reflects upon the fact that three or four ounces 
of chloroform furnish an abundant supplj' for the conduct of any ordinary 
cafie of labor, the occiurence of danger from such an extraordinary use of 
the aniBsthetic seems quite within the range of probabihty. The jjeculiari- 
ties of the fetal circulation are such, however, as fo prevent any rapid trans- 
mission of chloroform from the blood of the mother to the blood of the 
child ; consequently, the chances of death from asphyxia produced by com- 
pression dming the dela>'s of a hn^ering labor are much greater than the 
]>ossibilitie3 of aniesthesia, even after three pints of chloroform have been 
expended upon the mother. 

Puerperal convulsions require the employment of aniesthesia in connec- 
tioii with otlier methoils of ti-eatment addressed to the particular condition 
of the patient. For the i-eliof of the convulsions it is necessary to produce 
complete anivsthesia. This should be effected by iiihalatiou of ether. 
The same objections that are raised against the use of chloroform in gen- 
eral surgery can be urged against its use in all obstetrical contingencies 
which render necessary the induction of profound iusensibihty. For tlia 
same reason ether eliould be invariably preferred to chlorofonn in all the 
capital operations of midivifei-y, such as the apphcatiou of the forceps, 
torning, destruction of the fcetus, etc. . 

The use of amcsthetics in mid^vifery practice is justly deemed the least 
dangeraua occasion for their employment. This has been tiupposeil to de- 
peuil ujHm some inci-eascd power of resistance to the paralyzing effects of 
amtsithetio substances develojjed by the existence of pain. But this is not 
in accordance with observed fact^. The parturient woman is, apparently, 
" 1 prooipUy overjjowered by chloroform or ether as the non-pM+urient. 
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The greater immuni^ of these patients is probably due to the fact 
they are selected patients, as it were. Young women iii the prime of lif^ 
at an epoch when all the nutritive funetioua of the body are at their highest 
degree of activity, must necessarily present the best jjoBSible casea for tol- 
erance of amesthesia. Such patients are in a very different condition from 
tliat in which we find the victim of cUsease, or of shock, upon whom the 
Burgeon is called to operate. The partial degree of ana'athesia, to which 
alone Uie majority of parturient women are subjected, ie far less dangerous 
than the condition of absolute amesthesia which must be the rule in all 
cases of surgical o]}eration. The conjectural pressure of blood into the 
brain during the expulsive act is also supposed to protect against the dan- 
ger of syncope. This, however, is questionable. 

The contraindications to the use of anrtsthetics in obstetiical practice 
ore the same as those which have been specitied in a previous ch&pter. 
Cardiac and reiipiratory paresis are positively prohibitory under all circum- 
stances. Betardatiou and diminution of the pains are also reasons for 
withdrawing the amesthetic. There is always dimger, in such cases, if tlie 
wishes of tlie patient are gratified to theii- full estont, that the 
ceps will become necessary in order to complete the labor. 
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The excruciating pain caused by the exti-action of a tooth, though bra 
in its duration, probably is excelled in severity by no other foim of sufi^- 
ing. To discover some means of escajie fi-om sui^h agony had long been 
the aim of the dental profession, when Horace Wells, of Hai-tford, adopted 
the suggestion derived from an exhibition of "laughing gas" by an itiner- 
ant lecturer. It was the same deeii-e that prompted tlie resdees energies 
of Morton in the city of Boston. He knew that if the j>ain of extraction 
could only be abolisheil, he might have all the work he could desire in ihe 
manufacture of artificial sets of teeth for jieople who were deterred from 
patronizing the dentist through fear of the pain that his forceps would pro- 
duce. It was for the relief of such patients that he experuneuted with 
ether. The extraction of a tooth was the first operation ever perfontie<1 
with the aid of ether in London after the announcement of tlie discovery 
of the amesthetic effects of that agent Since that date it is probably no 
exaggeration to say that the members of the dental profession have been, 
in proportion to their number, the principal practitioners of anssthesia. 

Nitrous oxide gas was the first article esKayed by the dentists— Horace 
Wells and his friends. This was supei-aeded by the introduction of sid- 
phuric ether, which in its turn was supplanted by chloroform. But the too 
frequent occurrence of death in the dentist's cluiir soon effected a reaction 
against so dangerous a substance. The disagreeable eftectu of etherization, 
the magnitude of the contrast between etlier and chloroform — so well calcu- 
lated to impress the members of a profession whose taste for convenience 
and elegance in their appliances is notable — and, withal, the pebble dan- 
gera that might attach themselves, to ether, notwithstanding its reputa- 
tion for safety— all these considerations operated to stimulate a rewid of 
interest in niti-ous oxide gas. The statistics of the Colton Dental Associa- 
tion sei-ved to exhibit the almost absolute safety ivith which this gas could bo 
employed ; while the ingenuity of the manufacturer of dental goods, the 
late a, S. "White, of Philadelpliia, left nothing to be desired in the wbj 
of convenience in the preparation and administration of the Mubstanoe. 
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By the Colton Dental Association, in New York, nitroua oxide had been ad- 
ministered to one hundied and twenty-one tliousaud seven hundred and 
mne persona, without a sinjrle death, previous to March 14, 1881. The 
Drs. Thomas, m Philadelphia, previous to the year 1879, had also admin- 
istered the gas to lifty-eight thouiiaud foui- hundred jiatients with an equal 
immunity from harm. 

These statistics alone are sufficient to indicate the high degree of safefy 
that attends the use of nitrous oxide in dentistry. Contrasted with the 
mortalitj- occasioned by chloroform — estimated by Kichardson at one in 
two thousand, or, at his lowest calculation, oue in three thousoud five 
hundred cases — there can be no comparison between the two subatanees. 
Chloroform should never be uwed in dentistry. 

The cumbrous character of the apparatus employed for the liberatiou 
of nitrous oxide gas, and the difficulty sometimes attendant upon the effort 
to secure a supply of the hquefied gas in distant ports of the coimtry, will 
always compel the deutist to have something convenient and safe upou 
whidi he can rely when nitrous oxide cannot be used. Various experi- 
ments with the different anaesthetics have been made. Chlorofoi-m is still 
too often used ; but nothing has yet been found to equal the safety of sul- 
phuric ether. For the dentist the choice should lie between nitroua oxide 
gas and the vapor of ether alone. 

The special precautions necessary in the administration of these sub- 
stances will be considered in connection with each one eejiorately. In 
general terms it may be well to ui^e the importance of an empty stomach 
when etber is used. The patieut should occupy tlie semi-recumbent posi- 
tion, and all the precautions usual in surgical anaesthesia should be eu~ 
forced. The dental operator should not administer the anffisthetic without 
the presence of a tbird party us an assistant aud witness of the proceed- 
ings. Unless he is himself on educated surgeon, administration of the 
ether should be conlided to a well-trained physician. In view of the fact 
that death has been known to occur during die use of nitrous oxide gas, 
the prudent operator will desu-e the presence of a physician whenever he 
resorts to the induction of anatstliesio. Many dentists habitually advise 
the attendance of the family physician of theU' patient under such circum- 
stuncea Certainly, no conscientioua man will undei-take an operation 
which may in the least imperil the life of another without firet learning all 
the dangers that may attend the process, and then making full prepara- 
tion to combat them with intelligent energy as they apjiear. 

Another reason for the presence of a competent assistant whenever 
anesthesia is introduced into the practice of dentistry, grows out of the 
risks to wbicb the reputation of the operator may be exposed in case he 
has no witness to vouch for the perfect propriety of his conduct dming 
the etherization of female patients. Excited by tie anieathetio vapor, the 
patient dreams. Her dreams may assume the form of ludlucination, and 
may persist as the most extravagant delusions. Numbei-s of unfortunate 
and innocent lueu have found themselves, in the earUer days of anreatheaia, 
deprived of reputation and of fortune tJirough ignorance and neglect of 
tbw precaution. This subject will be fuUy treated in the chapter on the 
medico-legal relations of ana:sthesia. 

The use of amestbetics in dentistry is couSned, almost exclusively, to 
the operation of tooth-extraction. When only a single tooth is to be dra^vu, 
if ether is employed, it is unnecessary to proceed to the stage of complete 
uuconsciousness. If dealing with an intelligent adult, the patieut may 
sometimes be trusted to give a signal, such an the dropping of a haudker- 
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chief, wlipn the senirihility to pain has been Bufficiently blimt«cl. But if 
the patient be a child, or an adult from vrhose moutJi at least two entirs 
rowH of rotten an&f^ muet be forcibly removed, it is desirable that com- 
plete ansrathesia sliould l>e induced. By thia means the patient is ren- 
dered more easily mauageahle, and the tthock of severe pain is avoided. 
Wlien nitrous oxide gas is employed, the rapidity with which the patient 
is rendered inBensible, and tlie transitory efiects of the gae, make it diffi- 
cult and unneeeBsary to stop short of complete unconsciouBuess. 

It has been thought Bafer, when osiag chloroform, to carry the patient 
08 far Bs the stage of complete ansethesia before attempting to extract the 
tooth, for fear of dangeiuus results from the sudden shock of pain which 
might be experienced in a semi-conscious condition. There can be no 
doubt that, if the heart were beating feebly, such a shock miirht be reflected 
ft'om the cerebro-fipinal centres with dangerous energy, jiist as the sama 
thing may occur when no aniEsthetic is used. Anicsthetic auljstances di- 
minish the facility of transmission of such inhibitor}' influences through the 
nervous system, so that, if they did not also enfeeble the locomotive appa- 
ratus of the heai-t, they would constitute on invaluable shield against tha 
effects of sudden shock. But chloroform is conspicuous for its depressing 
effects upon the heart, ^yhen this depression outstrips the rat« of de* 
prcnyion in the reflex centres, any sudden painful impression, though re- 
tarded in its transit by the condition of partial ausestiiesia, may trangreaa 
the barriers that have been only partially estabhshed in the centres of re- 
flex action, and may fall with overwhelming force upon the enfeebled 
apparatus connected with the heart. Syncope is the ineritable consequence 
of Buch a process. For thia reason, complete ann^^utheBia will secure for 
the patient a greater degree of safety during the use of chloroform. Even 
then, however, in seeking to avoid Scylla one may thus fall uptm Chaiyb- 
dis, for the complete anaesthesia proiluced by chloroform has its pecuhar 
dangerB, due to the directly poisonous action of this potent di-ug when 
carried in excess to tlie moleculee of the nervous system. Chloroform 
ahotild be discarded from use in dentistry. The Bame thing maybe justly 
said of all the other numerous candidates for favor as agents for the pro- 
duction of auiEBthesia Nitrous oxide gas should be preferred before all 
others, while sulphmnc ether stands second and final in the list of artidefl 
warranted and appioved for use in the ordinary operations of dentistry. 



LOCAL AN.ESTHE8LL 

The antesthelio effects of cold have always been known throughout j 
those portions of the world in which the atmospheric temperature sinks 
below the fi-eezing- point of water. The npplication of snow or pounded . 
ice as a means of benumbing the sensibility of the skin has been practised 
from time immemorial. Of more recent date is the knowledge of the va- 
rious freezing mixtures thnt have been introduced by chemists. So effec- 
tual is the local result of their action that, were they suiBciently easy of ap- 
plication, their use might be ui^ed in a large number of the operations of 
surgery. But the difficulty that attends the effort to limi t exactly the ' 
sphere of action of a refrigerant application, while at th^ same time en- 
deavoring to produce a complete aboUtion of senaibilil^ throughout tha 
}>ftrt, is BO great, that the utihty of the method is very considerably re- 
stricteil. For minor operations upon the extremities, such as the removal 
of a nail or the incision of a felon, or the amputation of a finger, local an* 
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spBthesifl may afford Tsry satisfactory results. But, in all oases that require 
deep and extensive incisionB, the method is for inferior to the production 
of general anieathesia. Notwithstanding the disadvantages which limit its 
use, local aniesthesia is a ytduable addition to the resources of tlie surgeon. 
The experiments of Bichardson have iUustmted its utility even in cases as 
serious as the amputation of a breast. Whenever any of the graver contra- 
indications to the employment of general anicsthesia exist, the possibility 
of gaining the desii'ed rehef through the aid of local ajuestLesia should 
therefore be thoroughly discussed. 

Freering invriuTe!!. — The action of freezing mixtures depends upon the 
fact that the Lquefaction of a solid body causes a disappeai-ance of heat in 
the newly foimed hquid. The heat thua employed in the maintenance of 
the fluid state is derived from adjacent bodies. They lose heat and their 
temperature falls. The following list of freezing mixtures may be found 
in Miller's "Chemical Physics," fifth edition, p. 33!) : 

" One hundred grammes {about 4 oimoes) of nitre and 100 of sal-ammo- 
niac, each in fine powder, when mixed with 200 grammea of water, reduce tho 
thermometer from 50° to 10° (10 to —12° C). Equal parts of ammonium 
nitrate and water reduce tlie temperature from fiC^to 4° (10° to —16" C). 
So, likewise, equal parts of water, of powdered crystallized ammoniiun ni- 
trate, aud of sodic carbonate, also crystallized and in powder, effect a re- 
duction fi-om 50° to —7° (10° to —22° C). In like manner, the solution 
of crystallized aodic sidphate in commercial hydrochloric acid, is attended 
witli a rapid reduction of temperatui-e ; this mixture is employed in tho 
commou refrigerators, 5 parts of the acid being poured upon 8 parts of 
the salt reduced to powder : the temperature may thus be reduced from 
50° to 0° (10 to -18" C). 

"The most convenient mixture, however, when procurable, consists of 
2 parts of pounded ice (or, better still, of fresh enow) and 1 part of com- 
mon salt A steady temperatui-e of —^^ (—20° C) can by its means ba 
maintained for many liours. Again, a mixture of 3 parts of ciystallized 
calcic chloride and 2 of enow wUl produce a cold sufBcient to freeze mer- 
cury ; \t, before making the mixture, both the vessel in which the experi- 
ment is to be performed aud tho chloride be cooled to 32°, such a mixture 
will cause a thermometer, when plunged into it, to fall to —60° (— 45''C.)." 

The mixture of salt aud snow was highly recommended by Dr. James 
Amott In the arts it is daily employeil for the preparation of ice-cream. 
For its snccessful use as an anipstlietic, the mixture should be enclosed in 
a piece of gauze, aud care should be exercised to efiect the rapid removal 
of the resulting liquid as fust as it is formed. At the best, however, the 
method is tioublesome in pi-actice. The application is quite painful, and 
the revival of the part after refrigeration is even more distressing. The 
fingers of tlie surgeon, also, are liable to more or less suffering during 
the application. But, for minor operations attended with great pain, 
Biich as the incision of a felon or on abscess, the absolute absence of 
risk that characterizes the method renders it au invaluable resource. Were 
it not for the immense coaveuience which attends the use of ellier, local 
uuesthesia by refrigeration would he more frequently employed than it is. 
In all cases of debility, cliaracterized by a weak and intermittent pulse, 
and in cases of cardiac disease, or in an advanco<:l stage of pidmonury dis- 
ease, it should be decidedly preferred to general omcsthesia. 

Locaianixslhesiab!/ means of general aruealhelicg. — Immediatelyafter the in- 
troduction of etherization, Simpson, Nunnely, and others, conceived tho idea 
of producing local anicsthesia by the external use of ether. Kxperimeuts on. 
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tUe lower auimals soemeJ to hold out a proepect of success, but u. 
human Kubject the results were not as eneoui-a^ig. The effects o 
were too supei-ficial, and ita apphcation was often attended with great pun. 

A French surgeon, named Houx, undertook about this time to treat 
cases of amputation, in which he feared the Bui>eni*ention of tetanus, by 
keeping the stump of the limb in on atmosphere of ouieathetiu vapor. 
This suceesa was no purely negative that the method soon passed out of 
use. Another Frenchman, named Aran, advocated the use of local etheri- 
sation as a means of rehef for the painful effects of disease ; but it was a 
Dubhn gj-necologist— Dr. Hai-dy — who first attracted much attention to , 
this method. Ho recommended the use of chloroform >-apor, introduced ■ 
into the vagina, as a means of reheving the atrocioua pain of uterine c 
cer. His observation escited great interest and became the point of d»> J 
parture fur an inmiense amount of experiment. In sohie cases there was ft.f 
considerable degree of success, not only in relieving painful disease, bul 
also iJi proiludng local insensibility to the operations of sui-gery. As 
general i-ule, however, the degree of success was very hmited. The appl 
cations of ether and chlorofonu aio found, in many instances, especiaUyl 
when applied to the mucous surface and dehcate integuments about tha J 
orifices of the body, to produce an intolerable amoimt of sufiToring. 

The subject of local aniesthesia remained in this condition until ths J 
year 18C6, when Dr. B. "W. Richardson published in ITus Medical l^maM 
arid Gazette (February 3, 1866) an account of the production of local an-ff 
icsthesia by the concentration of an ethereal 8])ray upon the port to bet] 
deprived of sensibility. The ajjparatus necessary for this operation isl 
exceedingly simple, being, in fact, nothing more than a reinforcement ot4 
the common hand-ball perfume atomizfer with an adibtional elastic bult ■ 
to serve as a reservoir of compressed air, by which a uniform current of] 
mingled ether-spi-ay and atmonpheric air can bo maintained 
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£y means of ttiis apparatus a continuous j^t of pulverized ether can iM'l 
directed upon any jrartion of the surface of the body. As tiie ether evap- , 
orates it abstracts heat from tlie skin until its temperature is depressed 
even below the freezing-point of water. The skm becomes bloodless, 
whit© and tallow-like, precisely as if it had been acted on by frost or by a 
freezing misture. In this condition it is of course quite insensible, and 
may be incised without jjain. For the rapid and ^jerfect production of thifl 
state, it is necessary to employ t!ie more volatile species of ether. Sioh- 
ardson himself made use of a mLtture of anhydrous ether, having a specifio 
gravity of 0.720, with hydride of amyL Dr. Henry J. Bigelow, the well- 
known Boston surgeon, mode on improvement upon this mixtiuv by the 
introduction of rhigolene, one of the products resulting fi-om the distilla- 
tion of petroleum. This is probably the most volatile lii^uid ii 
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Its Kpecifio gravity is only 0.625, anil it will boil in the palm of the hand. 
"With this Uqnid it is yery easy to refrigerate the tiasuea HofBcieiitly to de- 
prive them of life aiid color. 

The disadvantages attendant upon tins method consist iu the irregular 
congelation of the tissues — in certain pIflceH too gi"eat, in others insufficient 
for tlie purpose desired. The difficulty of cutting through frozen flesh is 
not inconsiderable — indeed, it is so great that Dr. Richardson foioid it 
necessary to discard the knife and to supply its place witli sti-ong, curved 
scissors. It ia not always easy to secure the blood-vessels during the time 
of congelation, and to search for them after the passage of the anatsthetic 
state ia invai-iably painfid. The retimi of sensibility in the frozen parts i» 
often attended vritli pain. There ia also a certain degree of risk that the 
tissues may become too deeply fi-ozen, so that their vitjUity shall be com- 
promised, with sloughing of the part as a result. These facts must always 
serve oa lunitations to the nj^efuhaess of this mode of producing local au- 
esthesia. Within certain narrow hmits its utihty is indisputable, but for all 
the graver operations of siu-gery, general aniesthe^a must be preferre<l 

Carbon disulphide has been occasionally used as a local an!?atliotic. 
Its action is prompt and energetic. If used with a spray it causes conge- 
lation of the ft'atety vnpor oBsociated vrith the jet. The frost tlius formed 
gives up so much heat that congelation of the tissues is prevented, but 
they become ijisensible, notwitlistandiug this fact. The ^'oscularity of the 
part ia not diminished, and the flow of blood »mder the knife ia as great as 
if the anjesthetic were not employed. In order to avoid the practiod diffi- 
culty wliich attends tlie use of this substance in a pulverizing apparatus, 
it has been allowed to fall, di-op by drop, upon the skin while an assistant 
hastened tlie process of vaporization by directing upon the surface a ctu-- 
rent of air from the nozzle of a pair of bellows. The very offensive odor 
of the compound, and its positively poisonous quabties if inhaled iu any 
quantity, will not hasten its general adoption in surgery. 

Carbonic acid gas has been used from time inunemorial as a local ano- 
dyne. The stone of Memphis, used by the ancient Egyptians, owed its 
virtues to the carbonic acid gas that was bbemted by its solution in vinegar. 
Yeast poultices are familiar examples of tlie survival of a similar metliod 
of securing rehef from pain. The good effects of aiirated waters and of 
kumysa, in irritable conditions of the gostiic mucous membrane, are 
doubtless to be ascribed to the carbonic acid that they contain. The ben- 
efits derived from the tj'eatment of chronic alcohoUo gastritis with tlie 
fermented poi which forma so large a portion of the diet of the Pacilic 
Islanders are in like manner duo to the abundance of carbonic acid gas in 
the pasty substance. The pains of uterine cancer have been alleviated in 
some instances by injections of water charged with the gas. EeUef ia ex- 
perienced for an houi-. or even moi-e, but then the pain retimis without 
any change for the better. For the pi-oduction of any aubstautial effect, 
or as an agent sufficiently potent to annul the suffering incident to a sur- 
gicnl operation, the gas is quite useless. 

Professor Brown-Sdquard {Oaz. Hebdom., November 10, 1880; Med. 
2\mea and Qaz,, November 27, 1880; J/ed. Nfics and Abstraci, January, 
1881) has recently observed a very remarkable result from the local appU- 
cation of chloroform to the skin of the guinea-pig, the cat, and the dog. 
If chloroform is poured rapidly upon the shoulder of a guinea-pig, a reflex 
contraction of the platysma mjoides and subjacent muscles immediately 
follows. In a short time respiration diminishes, the temperature falls, the 



R P'Tntt sfaiggers fliid becomes torpid. It allows itself to be placed on the 
side or the bock, 'Nvitliout attempting to resume its natural poBition ; and 
tlien it foils suddenly into a state of ameKtheKin which ma; last for several 
hours, during which sensibiUty may disappear absolutely, the ftnimal re- 
maining in a etate of the most complete resolution, resembling that of 
antesthetic sleep, A young kitten, thus treated, will pass into a conditioa 
resembliug shock, or the state of syncope following severe injuries or pro- 
found drunkennesa, which may peraiat for several hours, occasioning com- 
plete insensibihty to the most vigorous pinching. Recovery of conscious- 
ness is ushered in by muscular tremors, and the animal gradually acquires 
the power of raising itself upon its feet. Sometimes there is an appear- 
ance of delirium, or the HVin may exhibit a condition of hypenesthema 
with more or less tendency to inflammation. The esperiment may prove 
fataL Death may either supervene suddenly, or it may occur after con- 
vulsions, epilepsy, diminution of the reflex faculty on the aide to which 
chloroform had been applied, pupillary contraction in the cat, or consid- 
erable dilatation in the tftg. Ilespiration then becomes slow and shallow ; 
the diaphrt^m seems pai-alyzed ; the temperature (ails ; and, finally, the 
animal dies suddenly, generally without cdnvulsiona. Inspection of the 
internal organs discovera general, brightly coloretl ^'asctdal■ turgescence ; 
the aorta contains blootl ; both ventricles ore goi^d witli blood, and the 
blood in the vena cava is less dark than usual The excitability of the 
neives is also greatly increased, and is much more persistent than in ani- 
mals which have not been subjected to chloroform. But the phrenic nerve 
and the diaphragm, upon the side opposite to tlie point of local applica- 
tion of chloroform, e^bit a great diminutiou, or even aboUtion, of gat- 
vanie irritability. 

These phenomena are by M. Brown-S^quard attributed to a proceffl of 
inhibition. A remote action takes place lu the skui, but its efi'ects extend 
to the nervous centres, and their functions ai'e temporoiily modified. SucJl , 
inhibition may go on to simple syncope, to syncope tvith asphyxia, or fin- 
ally to syncope with arrest of the exchanges of motion and nutriticm. 
That these phenomena cannot be referred to inhalation of the vapor of the 
chloroform which is used, is proved by covering the mouth and nose with, 
a muzzle connected with a caoutchouc tube sufficiently long to prevent \ 
the respiration of the vapor. A chloroform enema, moreover, produced 
in a dog no analogous phenomena ; yet they were afterward manifested 
by the same dog as a consequence of the application of chloroform to the 
fikin. The close relation between these phenomena and the manif estationB 
of hj-pnotism in animals is quite remarkable. 



MOUTALITY OF ARTIFICIAL ANdCSTHESIA 

It is impossible to foi-m even lui approximate notion regarding the 
number of cases in which sui-gical ames^esia has been produced since the 
year 18-16. Nor is there any means of reaching an accurate conclusion 
regarding the number of fatal eases which have occiured during that in- 
terval of time. Both terms of the comparison being thus defective, the 
conclusion must be con'eepondingly inaccurate. 

By collecting the experience of hospitals and armies for given periods 
of time, certain conclusions may be formulated which will serve to guide 
future explorers in this territory. The first attempt of this kind, on any 
considerable scale, was made by Andrews of Chicago ( Chicago Med. Ex- 
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amiiicr. May, 1870). He collected statistics of 92,815 cases of etheiiza- 
tion, includijig 4 deaths, 1: 23,204; 117,078 cases of clilorofomi aiues- 
thesia, with 43 deaths, 1 : 2,723 ; 11,176 coses of aniesthesia vfitii mistui'ea 
of chloroform and ether, with 2 deaths, 1 : 6,588 ; and 7,000 cases of the 
use of bichloride of methylene, with 1 death, 1 : 7,000. I>r. Coles of Vii'- 
ginia carried this research a little farther, giving 152,620 cases of cMoro- 
Form inhalation, with 53 deaths, 1 : 2,873 ; and 10,000 cases of bichloride 
of methylene, with 2 deaths, 1 : 5,000. 

The inquiries of Richardson among the provincial hospitals of Eng- 
land exhibited a liigh rate of mortality from chloroform, and also illiia- 
trated the irregular incidence of death fi-om that cause. In eight hos- 
pitals (Norwich, Lynn, Stafford, Wolverhampton, NewcasUe-under-Lyme, 
Brighton, Birmingham Genei-al and Queen's Hospital) there were, during 
the interval from 1848 to 1864 inclusive, 17,000 cases of anaesthesia from 
chloroform, with one fatal case. In the same hospitals, from 1865 to 1869 
inclusive, 7,500 cases of chloroform- inhalation yielded sis fatal cases. In 
six other hospitals (Lincoln, Bath, Cambridge, Oxford, Beading, and Notr 
tingham) the same periods gave T,y00 cases with three deaths, and 2,765 
cases with one death. .Sum totjil, 35,165 cases of auffisthesia from chloro- 
form, with 11 deatliB, 1 : 3,196. 

Ker (Chishohn : " What Aniesthetic shall we Use ? ") states that, dming 
the twenty-eight years from the time of the introduction of chloroform, 
there were only two deaths caused by its use in the Royal Intirmaiy at 
Edinburgh. Duiing the last ten years of that period, he estimates that 
there were 36,500 cases of chloroform anaasthesia, with only one death, 
1 : 36.500. Elaer, of Strasburg, had used chloroform 16,000 times, with- 
out a fatal case. Kidd, of London, had seen it administered upward of 
10.000 times, and had seen no fatal case. Iticbardson had seen it used in 
the London hospitals 15,000 times before he met the first fatal case. Clover 
has recorded 3,000 administrations without a single death. Billroth, of 
Vienna, had given chloroform 12,500 times before he met with his first 
accident McGuire, surgeon to Jackson's corps, in the Confederate Army, 
reported 18.000 administrations without one death. Chisholm himself 
used chlorofonn 6,000 times without a death. His estimate of the mor- 
toU^ from the use of chloroform was 1 : 20,000. 

During the Crimean war, chloroform was given in the French army 
30,000 times, with at least two deaths {Med. linies aitd Qaz., p. 485, May 7, 
1859). In the English army, lUacleod heard of one fatal case (Med. Time^ 
mui Gaz.. p. 40, JiJy 10, 1858), The whole number of ailmiuistratiuns 
was 12,000. 

During tlie war of the rebellion, in America, 1861-65 (Circidar No, 6, 
p. 87). chloroform was given in 80,000 cases, with seven deaths, 1 : 11,448. 

Among Grenuan surgeons (Eappeter : " Ans^sthetica," p 124), Nusk- 
baum reports 15,000 inhalations of chloroform, Koenig about 7,000 without 
accident, while Kappeler, had one death among 5,000 cases. Bordelebeu 
(Med. Timev and Gaz., August 2, 1879) witnessed more than 30,000 cases of 
chloroform-inhalations, prior to the year 1876, n-ithout a single death ; 
but, during the year 1876, among 1,200 inhalations there were four fatal 
cases. Up to 1879 this gave a morbdity of four in about 84,000 cases. 

In St. Bartholomew's Hospital, during the years 1876-80 (Brit. Med. 
Journ., p. 103, January 15, 1881), chloroform was administered 4,810 times, 
with two deaths, and ether was administered 6,440 times, with two deaths. 
Among these cases of ether-inhalation, however, were reckoned 1,304 in- 
halations of ether preceded by nitrous oxide. 



Summing up these fiffureH, we find the following ratios, which, however, 
are very little better thfin more giiess-work r 

Ether, 99,255 inhalations, 6 defltha— 1 : 1G.542. 
Chloroform, 492,235 inhalationB. 84 deaths— 1 : 5,860. 

Witli the exception of nitrous oxide gas, other ansesthetic eubstancies' 
have not yet been sniEciently used to form any verj' acciirate idea of tlieir 
relative fatality. Amj'lene, for example, was «aed by Sunw until two deaths 
occurring in about two hundred and forty administrations, compelled its 
abandonment. The one hundred and forty-fourth inhahitinn was the first 
fatal case ; it was then adminiatered upward of uiuety times before the 
second accident gave the coup de grace. 

Nitrous oxide gas has been used witli the greatest immunity from acci- 
dent, owing to the brevity of the operations during which it ia emplop-ej. 
Rottenstein believes that it has been inhaled more than one million tunea 
since it« reintroduction in the year 1863. Not more than eight or ten 
cases have resulted fatally during that period ; and, in a majority of that 
number, the gas can only Indirectly be charged with the result. 

MEDICO-LEOAT, RELATIONS OP iLN^ESTHESLV. 

The inti-oduetion of anieatJiesia has given occasion for an entirely new 
class of medico-legal inquiries. Death sometimes occurs during the use of 
an antesthetic. If inhaled by the decedent in private, and of liis own mo- 
tion, was it a case of suicide, or was it on accidental death ? If adminis- 
tered by the hand of another, it may he important to ascertain whether or 
no it was given by a person skilled in the theory and practice of etheriza- 
tion, or by an indiiidual destitute of these qualificatioua. The object for 
which anifsthesia van attempted may also become a subject of legal inve»- 
tigation. It may have been innocently given for the purpose of annulling' 
the pain of disease, or of an operation, or it may have been used for ths 
purposes of murder or assault, to facilitate a robberj', or to conceal the oc^ 
currence of childbii-th. 

All these, and even other inquiiies, may demand the attention of a court 
o( justice ; hence, the medico-legal relations of aoiesthesia are usually of the 
most important and absorbing character. 

The question of medical responsibihty for the fatal results of ames- 
thesia during the ordinary com-so of medical and surgical practice is of 
the first importance. An inquiry of this nature resolves itself into two 

auestions : Are all antestbetics possessed of properties which may render 
lem dangerous to life ? And are these dangei's so far inevitable that in 
no individual case can they be foreseen and in some meaHiu:e avoided ? 
Clear and decisive answers to these questions are demanded by that public 
which is so pi-ofoundly agitated by the occurrence of death during anffisthe- 
sia. Certainly, nothing can more powerfully address the im^ination and 
excite tJie sympathies than a sudden decease imder such circumstancea 
A yoimg and beautiful woman, the motlier of an interesting family, the 
pride and joy of an extensive circle of relatives and friends, enters the office 
of a dentist, it may be for a brief and trilling operation. Slie inhales tbe 
XJleasing vapor, with scarcely a thought of anything but the delightful re- 
lief from jiain thus easily procured. A few hurried inspirations, and then 
no more — life is extinct. 

Our analysis of the physiological action of amesthetics shows that 
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tbeBiB is produced by forces whicli are antagoniBtic to thoae processes upon 
which all rittil phenomena depend. Conaequeutly, all au^L'sthetics act by 
the development of a tendency to death. Exhibited in sufticieut quantity, 
for B sufScient time, any one of them must inevitably destroy life. Thw, 
however, does not precUide then- use, for the same thing is true of the 
majority of substances that can be introduced into the current of the cir- 
culation. But experience shows that aniesthetics differ among themselveB 
in the degree of their energy. During the earlier years of on^sthetio prac- 
tice, that is, during the perioil necessarily abandoned to experiment, the 
surgeon was fully excusable for the unfortunate consequences of a com- 
Ijaratively untried remedy, especially if it had been sufficiently te8t€d upon 
the lower animals, and had received the sanction of men eminent in the 
profession. But, for a large number of anipsthetic substances, the age of 
experiment has passed. Their qualities have been thoroughly aacertajned 
by innumerable triala To continue, then, to employ certain articles 
without resti-iction can only be deemed unjustifiable and culpable. If, 
having employed an aniesthetie that is duly accredited by the weight of 
authority, accident follow its use, the surgeon must still be able to show 
that it was administered in acconlance witli the rules of his art. Was it a 
case in which no contraindications to amestbesia could he discovered? 
Was the proposed operation characterized by gravity sufficient to warrant 
the induction of insenaibihty ? If these inquiides can be ans'rt'ered in the 
affirmative, it only remains to investigate the history of the individual case. 
Were all precautions against asphyxia regarded? Was the condition of 
the pulse and of the respiration cai-efully noted ? Had complete anKsthesia 
supervened? Hail the operation been commenced? Might not tlie fatal 
result have been the result of hemoiThage or exhaustion rather than due 
to the amesthetic? Wei'e all proper measures for resuscitation of the pa- 
tient employed ? Such are some of the questions which suggest themselves 
as indicative of the proper course for a judicial iuvestigation. 

It is not sufficient for the exoneration of a surgeon to show that there 
was on his part no criminal intent to cause the death of his patient. 
Homicide may, indeed, be involuntary ; but, in order to exculpate its agent, 
he must show that there was on his part no lack of attention, no impru- 
dence, no careleBsness, nor any failm'e to obsen'e all the rules of proced- 
ore in such emergencies. 

In case of the death of a patient under the influence of a new and com- 
paratively untried anivsthetic, the sui'geon who has ubsei-ved all the rules 
of aniesthetie practice could only be censured for temerity in the use of a 
substance of which the properties were not yet fully known. He then 
most be able to ui'ge in his defence that the article belongs to a class of 
substances whose general properties are well ascertained, and are not es- 
teemed dangerous to life. He must also be fortified with evidence to show 
that it has been often administered to numerous animals of various species, 
especially of thoae species wbicli most resemble man in theii' physiological 
xeactions. He must, if [wssible, show that it has been often administered 
to individuals of the human species ; that its peculiar properties are such 
aa to excite the behef that its use will be attended with less danger and 
with a greater degree of comfort than is characteristic of the best 
Uuesthetics already in use ; that it was not employed without sufficient 
consultation with well-informed surgeons who were qualified to express an 
intelligent judgment in such cases ; and finally, that it had been adminis- 
tered with the full knowledge and consent of the [tatient, after he hod beeu 
informed of the uutui-e and possible consequences of the experiment It 
G 
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feareil thnt in certain casee, heretofore, these rules have not 
conBcientiously regarded. There was a time when temerity like that whlci' 
characterized the attempts of Morton and of Simpson was deserving of tha 
highest admiration, but tlie world has outHved the necessities of that 
period. The great increase of knowledge that has followed the edbrts of 
those early experimenters has terminated forever the need and the pro- 
priety of Buch eshibitions of courage. Future reseai-ches, to lie beyond the 
possibility of reproach, must be conducted in a spirit of caution which wo 
may well be thankful that our predecessors did not display. 

The same tendency to an increase of the degree in which an operator is 
held responsible for the consequences of ordinary artificial ansstheaia, will 
manifest itself in proportion to the progress of knowledge fa.iwai'd the ex- 
actness of science. As we increase oiu- acquaintance with the behavior of 
therapeutical agents, we equally increase our responsibihty for their proper 
use. It can no longer be urged in defence of the surgeon whose patient 
has been chloroformed out of existence, as it was succeBsfully argued in 
behalf of the young Parisian surgeon who, in the year 1M53, had been im- 
prisoned for the death of a patient under the influence of ehloi-oform, 
whom he was oijerating without nsaistance, that " there are no fixed 
for the administi-ation of chloroform." There were none then, it la b.-a»\ 
and every case was in a certain sense a physiological experiment for the 
pose of diacwvering some fixed principles of conduct in such matters, 
condition of unceiiainty can no longer be claimed to exist. Our knoi 
edge of auKsthesia, and of its risks, is sufficiently complet« for all practu 
purjjoses, and it admits of formulation in the shape of definite rules 
action. 

In every judicial investigation of deatli ascribed to the use of 
thetics, two principal lines of inquiiy must be traversed. In the first plaoc^ ■ 
it must be ascertained whether death was caused by the action of an amefr 
thetic. In the second place the responsibility of the surgeon, or other ad- 
ministrator, must be defined. When doubt ai-ises regarding the use of an 
anicsthetic, in the absence of testimony, recoui-se must be had to tlie es> 
pedients of toxicological analysis. The ^xjssibihty of a coincidence 
other causes of death must be excluded by the results of autopsy. S 
don deaths, unconnected with surgical intervention, have occun^ at 
time of operation before the days of aniesthesia. The rupture of 
anetuism, a cerebral hemorrhage — even an emotion of ten'or, may have 
been the cause of death irrespective of all arni-sthetic influence. Death oc- 
curs less frequently now as Uie direct result of an operation than during 
the period before the introduction of aniesthesia. lliis fortunate result is 
due to the prevention of shock through pain. As for such accidents oa 
the entrance of air into the veins, or the aspiration of blood into the air- 
cells of the lungs, during operations about the oi-al or naso-pharyDgO- 
tracheal passages, anaesthesia aSbrds no immunity. The possibility of 
death through obstruction of tlie lai-ynx with an extracted tooth should 
not he lost sight of when inquiring for the causes of death during the 
operation of dentistiy. In short, no decision regarding the cause of deatii 
during anassthesia should be aimounced without a careful post-inortcm I 
amiuation of the entire body. 

Having determined it as a fact that death was caused by the action 
the ansesthetic, the question of tlie purity of the article should be invi 
gated. The trade mark uf tlie most reputable manufacturer is not a' 
Bufficiefit to insui-e the perfection of the article. Accidents may 
occuired to vitiate the process of manufacture ; or an inferior artade, 
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Edgued foi- estemnl use, may have been carelessly substituted for tlio 
purified diiig. A few years ago the siu-geoim connected with one of the 
most celebrated hospitals in the United States were greatly perplexed by 
a aeries of cases which preseDtetl symptoms of disti-easing laryngeal irrita- 
tion, and, in one inatatwe, alarmiug syncope, while inhaling what had 
been furnished as the very best tju^ty of sulphuric ether. The lot waa 
retiumed to the nianufactxu'er, who readily admitted the presence of im- 
purities in the etlier, but was not so lucid as might have been desired in 
his explanation of their occurrence. Chloroform sometimes contains 
al<:ohol. It then is tardy in it^ action, and the unpleasant after-effects ai'e 
very slowly dissipated. Methylic and amylic alcohols, and various essen- 
tial oils or ethers, are sometimes present in chlorofonn, and are the cause 
of obstinate gastric and nervous derangements. A case is related by Wald, 
in which chloroform containing hydrochloric acid and chlorine pi-oduceil 
great irritation of the air-passages and iiiflamniation of the bronchi. Such 
caaea, however, cannot be veiy common. 

It may become necessary to investigate the quantity of the anaesthetic 
that was administered. The dose of course vaiiea with the nature of the 
RnKsthetic substance, so that the inqiuiy rBgardin<r the proper amount for 
inhalation might be most fittingly considered in connection with each 
article. In general terms it must be admitted that there is no uuiversiU 
law that governs the safe administration of anaestheticd, so far as quantity 
ia concerned. As in the case of alcohol, bo it is with ether au<l chloro- 
form and their congeners— they may ba administered in almost indefinite 
qoantities. Some persona can diink, and drint, and drink again, without 
becoming intoxicated, while othei's are inebriated by the sm^est amount. 
lYhen sulphuric ether is used (or the production of insensibility during an 
ordinary surgical operation, it is no uncommon thing to vaporize from 
two to eight ounces (70to ZBOgrammea). Patients have been kept for many 
hours under its continual influence, at an expense of many pints of the 
liquid, in order to effect euthanasia. Of chloroform, one oimce (30 c.c.) 
is ordinarily sufficient for the purposes of the surgeon ; but Tumbull re- 
lates a case iu which three pints (1,500 c.c.) were employed dtiring the coiu-se 
of a difficult labor. Christison administered eight ounces (2^0 c.c.) dur- 
ing a period of tlurteen hours. Jackson gave aixteen ounces (500 c.c.) to 
ft luau eighty-three years of age. Hergott used over two pints (1,000 c.c.) 
for the maintenanc/S of ana-sthesia diuing a period of eighteen hourd, Ex- 
ceedingly small quantities, ou the other hand, have been known to destroy 
life. Taylor quotes, from Dr. Warren's "Table of Fatal Cases," an in- 
Btance in which ouly fifteen or twenty drops caused death. In another 
instance only tliirty drops Itad been wiiwrized when the patient expked. 
In such cases, however, some means of estimatuig the actual quantity more 
reliable than the mere assertion of the administrator should be sought. 
Witliout intending any deception, the mental agitation produced by the 
terrible event of sudden deatii must inevitably impel the majority of men 
to minimize their share in the causation of the disaster. 

It has been ascertained by experiment that for inhalation the vapor 
shmtld not excee<l three or three and one-half per cent, of the air that is 
bretttbed. If the amount of the vaiwr exceed five per cent, danger exists. 
But experience shows tliat it is impossible thus to graduate tlie quantity 
of vapor that is mixed with the air ; consequently, danger may obtnido 
it«etf every time that a fresh charge of chloroform is placed upon the 
napkin. 

The great difference in tha quiintitiiis which may be telcruted by dif- 



ferent indiTiduals hna led to & Ijelief in the existence of idiosyiicrasiea hr 
virtue of wbicli certain persons are intolerant of antestheticB. This can '^tA 
difficulty be admitted to be true. But, as in the analogous case of alco- 
hol, it ia undoubtedly true that certain patients are, more easily than others, 
affected by these aubatancea. Children yield to their eSecta in leas time 
than ia neceasary to overcome nn adult. "Women are more sasceptible 
than men. The present condition of the patient, doubtless, has more in- 
fluence over the coxirae and results of anieetheaia than any original pecu- 
liarity of constitution or diathesis. Individuals have been cldoroformed 
many times without accident, and then have jjerished under its influenoa' 
at last 

The inveatigatioiL of the cause of death after anmathetic inhalatii 
should take under consideration tho mode of its productiom Of forty- 
eight caaeacollected by Sabarth(Z)(is Chlorofonn : Eine Zusanimensetiung der 
vnchligsten £rfakrungen und Beobachtungmi, 18GG}, thirty-six deaths were 
caused by a-qihysia, eleven by syncope, and one by spinal hemorrhage^ 
This indicates for chloroform a directly poisonous character. It tends 
strongly to prevent the access of osygen to tho tissues, and operates in thia 
way more frequently than by direct paralysis of the heart Thus it hap- 
pens that death by Etsphyxia may follow the use of a powerful substance like 
chloroform, without any fault of the physician. The asph^fxia in such a case 
is the direct consequence of the presence of chloroform in the blood and 
in tlie tissues. 

The exact time of death relative to the stage of am-eathesia should, if 
possible, be ascertained. According to Sabarth's tablea of death by 
chloroform, di one hundred and twenty-one caaea, fifty-four expired before 
the oiwration ; forty-two during the operation ; and twenty-live after its 
conclusion. Dr. Snow states that, among forty-sis cases, death occurred 
before the operation in eighteen inatancea ; during the operatii 
twenty-two ; and shortly after the operation in six. Scoutteten gi' 
for the correaponding figm-es, twenty-two, sis, and twelve. Kidd gi' 
fourteen, fourteen, and seven. The Report of the Committee of the 
Medical and Chirurgical Society of London gives eighty- eight deaths be- 
fore and during oijeratiou — of which fifty appear to have preceded oper- 
ation — fourteen after the completion of the operation and seven at a pe- 
riod not recorded. 

The following tabular exhibition of these figures nill be eonvenient, 
for reference ; 



Death before operation 
Death diu'ing operation 
Death after operation 
Deaths nof 

Total 



For additional information, see the article on Chloroform. 
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When tlie pntient ceases to bi-eatlie duriflg the administration of amea- 
theticB — other coKiplJcating or iwsaible causes of death being excluded — 
it is easy to assign the cause of the unfortunate result But when the 
patient suirives for a time — for a number of hours — after the conclusion 
of etherization, it may not be very easy to determine the exact rehition of 
aiieesthesia to the act of dissolution. As a general rule, if consciousuees is 
recovered during life, it is presumptive evidence that the ana'sthetic had 
very httle, if any, direct relation wiui the disease. It is, nevertheless, true 
that in, certain instjmces the exciting or stupefying effects of the di'ug are 
seen to persist until the time of death. Even then, however, if life be pro- 
longed beyond three or four horn's after the operation, it is probable that 
the consequences of the operation were the chief agents in the termination 
of existence, for the experiments of Tourdes indicate that cLlorofonu, at 
least, is entirely elimiuat«d from the system in less than three hours after 
inhalation. In one experiment, after inhahng chloroform for twenty 
minutes, the breath of a, woman, examined one hour and a half after the 
cessation of the inhalation, still containeil ohloroform. In another case, 
exa:niued tlu-ee hours after an inhalation that had continued half ou hour, 
the ln-eath coutjuned no trace of chloroform. 

The length of time during which it is proper to maintain a continuous 
condition of amesthesia does not adunt of precise limitation. Sir James 
y. Simpson treated a case of puerpei-al con\*ulsions by continued inhalation 
of chloroform for twenty-four hours. Christison administered the same 
AniL'sthetic for thirteen hours. Hergott continued the process during 
eighteen hours. When insensibihty has once been reached, it is easy and 
safe to maintain the aniusthetiG influence by continuous inhalation of small 
quantities of the vapor. The period of greatest danger is usually coulined 
to the early stages of antesthesia, so that, after the induction of tranquil 
sleep has been eSected, the risks of continued cautious inhalation are greatly 
reduced. 

After having traversed the entire range of such an investigation, if the 
Operator can show that he was aware of all that has been repeated above, 
and was on his guard against danger, and did actually employ the vaiied 
measiu'es recommended for the resuscitation of patients who have suc- 
cumbed during amesthesio, he must be regarded as blameless and free from 
all responsibihty for the unfortunate occurrence. But how often it has 
happened that lie surgeon could not be thus completely acquitted. It has 
"been well remarked that " the mistakes and blunders which the most far 
mous men have committed are innumerable ; the most fortunate is he who 
«rrs the least." If it can be shovm tlmt the fatal result was the consequence 
of ignorance and neglect, the administrator must be held accountable for 
the consequences of bis imprudence. If, on the contrary, it appeai-s that 
be was ordinarily well acquainted with the duties and reTOousibihties of hia 
pi-ofession, and had exercised all ordinary precaution, he cannot be ad- 
judged guilty of malpractice, even though there may have been omissions 
ui his method. 

In the course of a medico-legal investigation it may become necessary 
to determine the fact of previous anaesthesia. This may require examina- 
tion of a Uviug person, in case of alleged aufesthesia without fatal result, or 
it may be necessary to examine the dead with a view to ascertain the cause 
of deatli. For the rules which should govern such an inquiry we are 
largely indebted to Casper and to Tourdes, whom we shall closely follow. 

To detennine the cause of death ui a case of 8usi>ected anaesthesia, 
three kinds of proofs are uecessaiy — the results of chemical aualyidu, the 
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symptoms exhibited hy the patient, and the ODnkimical changes rerealeSia 

by posl-morietn section. M 

Chemical analyaie. — It is necessaiy to proceed as iii other cases of poi--fl 
souing : the poison must be recorered from the tissues, or the effects of ita m 
Itreseuce must be demonstrated in nn unequivocal mauuei'. I 

If the patient is alive, oral testimony is usually sufficient for the discor- ■ 
ery of truth. But this is not always enough. A young womttn may pro-fl 
t«st that she has lieen chloroformed and violated. It is important to as-l 
cei-taiii whether she has been actually submitted to the action of an antes- 1 
tltetic. I 

The ethereal odor is quite transient An hour is usually sufficient for 1 
its disappearance from the clotliing. Fifty cc (nearly two ounces) of I 
chlorofoiTQ, poured upon a piece of cloth about ninety centimetres (three j 
feet) long and sisty centimetres (about two feet) wide, exposed to tha I 
open air at a temperature of 6.8° C. (44° F.), had entirely evaporated at the 1 
expiration of an hour, without any trace of odor left behind. The evapo- I 
ation of ether is still more rapid- If these substances contain alcohol or M 
other impurities, their evaporation la considerably retanled. I 

The examination of the breath should be made as early as possible, for J 
the odor of the amesthetic soon ceases to be noticeable in the exj^ired air; ^ 
in from one to thi'ee hours it may be no longer perceptible. Individuals 
who have been etherized sometimes profess to bo able to taste the an:eB- 
thetic for hours, or even for one or two days after the inhalation, but this 
is supposed to be a reminiscence rather than an actual sensation. In order 
to recover the substance from the breath, it is necessary to examine a quan- 
tity of the air that has been expired from the lungs. This may be done by 
causing the patient to expire into a rubber bag until ten 1111*63 of air have 
been secured. Tliis air should tlien be passed thi-ough a red-hot porcelain 
tube, and conveyed by aspiration into a solution of nitrate of silver. The 
carbonic acid of the bi'eath forms carbonate of silver, wtiich dissolvea 
readily on the addition of nitric acid. If chloroform is present, the chlo- 
rine that was liberated in the tube combines with the silver to form chloiidd 
of silver, which remains aa a precipitate. Tested by this method, the breath 
of one patient, a woman who had inhaled chloi-oform for half an hour, 
gave no trace of the eubatance at the end of tlu-ee houi-s, while, in another 
case, the breath of a woman who had taken chloroform-inhalations for J 
twenty minutes, gave an abundant reaction with nitrate of silver at the end ■ 
of an hour and a half. I 

ChlorofoiTa soon disappears from the blood. The experiments of Thirof % 
have shown Uiat the blood of nniuiiils to whom chloroform had been giveQ 
contained not a trace of the substance when di-awn at an interval of twenty 
or thirty minutes after the restomtion of the animal to a condition of sezt- 
sibility. The rate of ohniinotion depends largely upon the volatiHty of the 
aiifesthetic. If mixed with alcohol it lingers longer in the blood. 

The presence of sugar in the urine lias been considered as indicati^•e of J 
the action of chloroform, but this is not a sigu upon which much relianoa J 
can be placed. I 

If the dead body is to be examineit, toxicological analysis may give d&- 1 
cisive results. But a negative result might not be a proof that anEesthetic* I 
had not been administered. If Lfe were sufficiently prolonged for the eUm- 
ination of the substance, of coiu^e no trace of its presence could be de* ' 
tectod. In such a case it would be permissible to suspend judgment i 
gardiog the immediate cause of death. 

For the discovery of alcohol and the ethers it is necessary to i-esort to tli» J 
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process of distillation. Chloroform may bo detected by the nitrate of Bil- 
ver proceBS. These anaesthetic subRtaiices pans with great rapidity into the 
eutrent of the blood. A few inspu-ations of the vapor are anfficieut to 
cliai'ge the blood with a quantity that admits of easy discovery by ordinary 
chemical teata. It is moat easily dLseovered in the Ivmgs and in the ner- 
TouB tiflBues. Accordiaig to the analyses of MM. Perrin, Ihuoy, and Liil- 
lemand, when the blood contained oue part of the anosthetic, the tissues 
of thebraincontainedrespectively two and six-tenths pai-tfl of amylene, three 
and twenty-tive hundredths of ether, and three and ninety-two hundredths 
of chloroform. The tissues do not ordinarily exhale oiiy odor of the an.-es- 
thetic ; or, if noticeable at tlie time of death, it soon disappears. 

A source of error exists in the ordinary test for chloroform. If the dia- 
tillatiou is conducted at a higli temperature, the chlorides contained in the 
blood may pass through the heated porcelain tube and produce a reaction 
witli the solution of nitrate of silver. Ti'aees of chlorine may thus be dis- 
covered in the fluida of an animal which had not been chloroformed. This 
difficulty may be obviated by the inti-ofluction of a flask containing a solu- 
tion of nitrate of silver, between the retort and the porcelain tube. The 
normal chlorides wiU tlius bo arrested, while the chloroform vapor wtU pass 
on, to be decomposed in the heated tube. By this process the presence of 
chloroform is indireclJy demonstrated. If tlie chloride of silver is not 
formed, elilorafonn is certainly absent. If a chloride is precipitated, it 
becomes neceaaaiy to investigate its soiu'ce. It may have been derived 
from some mediciual chloride or chlorate which the patient hod taken. It 
will then be necessary to institute a search for the metal with which the 
chlorine may liave been combined. lu this way, operating by exclusion, a 
high degree of probability may be reached by the analyst. Traces of chlo- 
roform may thus be detected for a long time aft«r death. After four days 
of putrefaction in a worm place, it may still be demonstrated in the tissues 
of rabbits. Dmx>y claims that ita presence may bu revealed by analysis 
after tlie lapse of many months. 

It sometimes happens that the physiciou is called upon to examine a 
person still living, who is supposed t<i have been the victim of amustheaja, 
either voluutarily or involuntarily. He should search for the container and 
for the residue, if there be any, of the amcsthetic. He should take notice 
of the ail" of the i-oom, whether it seema to contain any vapors that can be 
recognized by tlie sense of smelL He should carefully observe the patient, 
taking note of appearances indicative of intoxication — such as heatiness of 
aleep, stupor, dulneaa, and confusion of ideas as consciousness returns. 
The eyes, the nose, and the lips are often reddened, and tlieir mucous sur- 
faces may even be excoriated by contact with an impure article of chloro- 
form. Usually consciousness is rapidly recovered. This ia eapecially true 
of cliildren. Sometimes sleep ia considerably prolongeil, esjiecially if cldo- 
roform has been swallowed with suicidal intent. As a general rule, how- 
ever, the eflects of the drug disappear entirely after the lapse of a few hoiu-H, 

Aa for the poat-morteni appearances revealed by autopsy, Casper and 
others have been inclined to the opinion tliat they present nothing in any 
way specially characteristic. According to Taylor, " congestion of the ves- 
sels of the brain and its membranes have been met with, hut not unifoiinly ; 
the lungs congested, or in an apoplectic condition ; the heart flaccid, and 
the cavities frequently empty, or containing but little blood ; iu some cases 
the r^lit cavities have been found greatly distended ; the blood generally 
dark in color, and very fluid, sometimea mixed with air-bubbles," In 
tweuty-Mven out of thirty-foiir examinations recorded by I>r. Snow {Mei. 
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i OateUe, October 23, 1858), " Uiere was eiifjorgenieiit of the Itmgs^ ■ 
IT of the right ^<le of the heturt — in the majority both these conditions wers 
met with. " Woodman and Tidy reioark ( "Forenaic Medicineand Toxicology," 

E. 456} that generally, after death from chloroform, "all the cavities of the 
eart are distended, while exceptionally the left side is empty. The coun- 
teuauce is llrid and pale, and putrefaction is usually somewhat dow," In 
the record of cases whidi these authors have given, it is stated that after 
death from obloroform, the brain or its tuemhranes ai-e congested. 

The following are the principal apj)earance8 noted after death by chlo- 
roform, aa given by Tourdes (" Diet. Encyc. des ScL Med.," t, iv., p. 505), 

" There is ])alenesB of the face ; the es])ression of the countenance is tr^i- 
quil ; the pupils are dilated ; upon the Umbs are visible rose-colored spots i 
there is very little ap]>earance of cyanosis ; at its base the tongue is 8om6> 
times injected ; the retraction of that organ is the physical consequence of .g 
the ttttitude of the corpse when miiscular contractility has ceased- J 

"The lungs are congested, and present a rose-coloi-ed tint, or even m ^ 
decided red coloration. This congestion may, in the lower animals, become ' 
a disseminated lobular engorgement. In forty-eight cases of autopsy, pul- 
monary congestion haa been noted thirtj-six times. Sometimes there ia 
serous infiltration of the lung. Great importance has been assigned to the 
pulmonary emphysema encountered in many cases : this ia almost always 
observed in the lower animals, even if the sudden and convulsive forma of 
asphyxia have been avoided. Bednens of the mucoos surfaces of the trachea 
and bronchi have often been remarked. A certain amount of froth may be 
found in the air-passages : the degree of their injection will 1)e more intense 
if, in a case of homicide or suicide, a few drops of chloroform have found 
their way into the respiratoi-y tract — on accident which rapidly produces 
injurious results. It ahonld be reineml>ered that certain authors, among 
irbom Casper may be foimd, have mentioned on anicniic condition of Uw J 
lungs. . . J 

'' A ilaccid condition of the heai't lias been observed (sixteen timea in i 
twenty cases). This phenomenon, however, is principally dc|>endent npon 
the tinte of the examination. Tlie same remoi'k is applicable to the con- 
dition of its caWties (fourteen times out of twenty cases). The muscular 
fibres of the heart have been found paler than usual The heart may be 
filled with blood — especially on tJie right side. The great veins may be 
distended with blood, and there is often a sufficiently notable quantity ot i 
this fluid in the principal arteries. The blood is liquid, brownish, or of a 9 
deep red color. This condition is I'arely absent — Bereud having remarked 
its presence fifteen times in twenty examinations. ^This fluidity of the 
blood is coincident with the rapidity of death. Sometimes we have uotioed 
a few clota mingled witli the fiuid blood ; in one case the blood in the 
left side of the heart had a very deep red tint, indicative of sudden ff^cope. 
Teiy little importance should be attached to the presence of free gases in 
the blood, as this is a consequence of putrefaction which may be very rapidly 
evolved. A chemical analysis would be necessary in order to delennitie 
the character of the gas. In twenty autopsies the presence of these gsses i 
was noted seven times. Putrefaction was progressing in tlu'ee of these "i 
seven cases ; in three cases the mode of death was doubtful ; and in only I 
one case could any value be attached to the observation. (Berend.) f 

"The i)ia mater and the cerebi-al parenchj-ma are moderately injected. 1 
Congestion ia the exception, occurring only four times in forty-eight cases I 
(Sabarth), and it is not considered a cause of death. An anaemic conditiooi J 
of the cerebral organs baa been remarked. Their softening seems to 1 
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connected with jjutrefactiTe changes. \\'e have iioted a trifling amount of 
TentricuLir fliiid. The liver is often congealed. This organ is variously 
affected by the action of deleterious \apors and gases. Iiijectiou of the 
iidueja has been observed." 

It is worthy of note, that in the above Bununory tho appearances are 
principally those which are to be found after death fi-om asiibysia and 
sjTicope. There are many points of resembhince with the appearances dia- 
«overed after death by di'owning. It will tberefoi-e be necessarj', iii a 
doubtful case, to baae the opinion regai-ding the cauue of death not upon 
the posl-morlein appearances alone, but upon a review of the histoiy of the 
cose in connection with the external appearances and siuToundings of the 
coipse, and the results, it may be, of a toxicological analysis. Of course, 
it will be necessary to search all parts of the cadaver for the lesions of dis- 
ease or injury, and to assign to such, if discovered, their proper value as 
possible causes of the death of the individuaL 

Recorpxition of simuialed diseases. — Certain alleged deformities, con- 
tractures, poralyees, deafness, aphemia, etc., luay sometimes be unmasked 
by the employment of ai-tificial omeatheBia, In vino Veritas is a maiim 
that is equally appHcable to the condition induced by anaesthetics. The 
three stages of an.i;8the8ia^the initial period of excitement, the period of 
luiconsciouHness, and the period of recoveiy, may each and all fui-nish vjd- 
uable information in suspected cases. 

The question at onca arises : Is it right to employ this method of in- 
Teatigation ? The answer to this will depend upon the condition in wliich 
the subject for investigation is placed. If the individual has voluntarily, 
or in obedience to arbitrary law, abdicated his position aa a free agent, It 
may be legally right for hia superior to subject him to antesthetic exami- 
nntion. A soldier, or a sailor in the navy, ur a conscript, may thus be ether- 
ized, for the purpose of investigating hia alleged simulation of disease. 
But no free man may thus be examined without his full and free consent. 
If a person be charged with simulation for criminal purposes, it is neither 
legally nor morally right to subject I'lm to this method of examination, for 
it would be a violation of the personal liberties of an individual who in the 
sight of the law is innocent until he ha.s been convicted of crime. It would 
also involve an infraction of the great iirinciplo that no accused person 
Bball be compelled to incriminate himself. It woidd be as proper to use 
the rack, as was ancieutiy done, for this purpose, as to compel a prisoner 
to undergo anaesthesia with the design of thus securing his own evidence 
agiainat liim. In like manner, no convicted criminal, imtlergoiug imprison- 
ment, can be subjected against his will to the action of auivsthetics, because 
that cannot have formed a part of his original sentence. To subject him to 
additional indignities would be illegal and cruel. 

It may be laid down as a general proposition, that, in all casee where an 
investigation for the detection of simulation is to be made by the aid of 
auiL'stiietics, only the safest methods should be employed. In the present 
fitute of our knowledge this proposition pmctically limits the iuquiaitor to 
the u.se of sulphuric ether. 

The induction of aUii'Sthesia will always enable tho surgeon to estimate 
at its true value every case of alleged ankylosis in which Uie diagnosis is 
rendered doubtful duiing the slate of voluntary consciousness. Baudena 
lOtaette Med. de Paris, p. 209, 1847) was the first to put on i-ecord the 
successful investigation of a fi-aud of this description. A patient under hia 
care claimed to be deformed by disease and ankylosis of the spinal articu- 
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lations, producing miguliir cm-vature of the spine. Under tlie iufluence of. 
ether tlie joints of the biickbone were ijerfectly movable, and all deform- 
ity disappeai-ed. Tiie patient afterwaid confessed himself a malingerer. 
In militarj- hospitals it is not an uncommon thing to see patients who claim 
to be suffering with ^-ariona forma of contracture. The persistence with 
which this condition may be Bimidated is sometimes remarkable. It maj 
be carried to such a degroe of ]>erfection that it has been said to be main-, 
taiued even during the hours of Hlpej). Under the influence of elher, the, 
controctiu* will disappear if it be simulated. There is, however, a souroe 
of difficidty in the diagnosis of these cases, for the reason that contracture!-' 
of a purely irritative character — such as may be observed in certain caseail 
of hysteria — are reproduced immediate!}' after the withdrawal of the anica-.' 
thetic. Bayard (Ann. d'Hygietie el de Midedne Liga/e, t. slii. p. 201,, 
1849) relates a case in which a chronic reti'actiou of the foot, though aiK 
companied by disease of the bones themselves, disappeared during Bnies-> 
thesin, and was reproduced again on tlie recoi-ery of consciousness. Tourdes 
(" Die. Encyc des Sci. Med." 1" Bcrie, t. iv., p. 51G) relates the case of one 
of his own patients, a young girl, ten years of age, who suffered a contrac- 
ture of the muscles of the right leg and thigh, causing her to limp at first, 
and then to resort to crutches. Suspected of deception, she van subjected 
to examination during anesthesia. AVhile relaxed by the aniesthetic ths' 
Umb was perfectly movable, and the joint seemed to be thoroughly eer-i 
riceable ; but the contracture was reproduced with the recovery of coO'..' 
KciouHuess, and after a time the sj-mploms of coxalgia became cleai'ly evi- 
dent. 

During the x:)eriod of excitement which ushers in the condition of iuUB» 
thesifl, and during the time of recovery fi-om the unconsciousness tiiat iii 
has pi-oduced, vaiious forma of alleged diaoi'der of the nervous systeia 
have been unmasked- In this condition, patients who have feigned deiif- 
ness, or idiocy, or speechlessness, have been found capable of hearing and 
speaking, and of comprehending with perfect ease what they had claimed 
to be incapable of doing when thoroughly conscioiis. Genuine stammer- , 
ing or stuttering is increased while under tlie paitial influence of oiunBtheWj 
icB. The pretended disorder is completely relieved during the inhalatioikjd 
Sudillot experimented upon the possibihty of seU-reatroiut at the momenti 
of awaking from the sleep of ana.'sthesia. He found that, no matter how 
forcibly he had charged his patients to keep silent, when interrogated at 
that moment they all forgot his commands, and answered his questions in 
spite of themselves. His conclusion was to the effect tluit it would be im- 
possible, under such circumstances, to simulate the aphasic or aphi 
dition, 

Indiwtion of amndhcsia during sleep. — Dr. "W. R Cluuess reported (P**'^ 
cific Med. and Surg. Journ., June, 1874) two cases in which he had suc,- 
ceeded in chloroforming two chilLlren during sleep. One of them was 
girl, aged eight years, suffering with purulent inflammation of the niastoi 
cells. No difficulty was experienced jn the production of insensibility tO; 
pain by inliEtlatiou witliout awaking. The abscess was opened and dressed, 
and when the child recovered consciousness she was not aware that any- 
thing unusual had occurred. The other case was also a little girl, two and a 
half years old, who was in like manner chloroformed during sleep, for the 
removal of a supernumerary toe. 

In the JanuBJj- number of the Annoiea d'Hygiene (1874) is a report by 
Professor Dolbeau on the "Employment of Chloroform in Belatiou to th«; 
Perpetration of Grime." The professor instituted a series of exj>erimenl 



I 
1 




MEDIOO-T-EOAL RRLATIONS OF AN.«STIIK«IA. 

lor llie purpose of fiscertaining whether a peraon can be sul»jeetoil to fiiirps- 
thesia wliile lie is naleep. 

Hb found that sleeping ftniniftls ivere promptly nwakened Ity Hinall 
quantities of the vapor of cliloroforin in the air about tliera. He then ex- 
tended his «xperimeut£ to human lieings. In three caseH the sleepers were 
easily aroused by evaporating n little chloroform at a shnrt distance from 
their nostrils. " In a second series of experiments, made on seven i>attenta, 
ten drops of chloroform were poured on a napkin folded in (our, which 
vras gradually brought to the vicinity of the oir-pasaages, so that all air in- 
8])ired liad traversed it. In all these cases the patient* were suddenly 
fkroused from their sleep — some immeiliately, and one only after the elevonlli 
inspiration. 

" A third group of cases, conaistiug of tweuty-uine patients, was nest 
experimented upon." The professor found that as liis experience increased 
there wasa corresponding inci-ease of dexterity on his part, so that of these 
twenty-nine subjects he was able to induce complete {intestliesia in ten 
without disturbing their sleep. He found that the presence of impurities 
in the chloroform increased its irrifjiting quahties, and diininished the 
probability of inducing an:^ sthesin witliout awaking the patient Children 
wei'e less difficult than adults to manage. The conclusion arrived at waa 
to the effect that chlorofoi'm may be administered during steej) in such a 
Kay 09 to facihtate the commission of ciime, but that this result is not 
likely to happen in ordiuarj- unskiDed use of the anresthetic. 

At the annual rafeting of the American Medical Association, in 1880, 
I>r, J. V. Quimby, of Jeisey Citj', presented a lustoiy of three cases in 
which persons hod been successfully chloroformed dui-ing sleep. 

The following abstract of his paper is given in the Mostim Medical and 
SurgiciU Journal, p. 632, June 17, 1880. His attention was directed to this 
subject "by the not«,d case of the murder of policeman fiichard Smith, of 
Jersey Citj'. This occurred while Smith and his wife were together in bed, 
and for this reason the latterwasaTTest«d as heiag j^rlierjiit criminie. She 
held that she had been chlorofonned during sleep, but the State contended 
that this was impo^tsilile, because the fumes of the chioi'oform would have 
awakened her from her natural sleep. Here, then, was a uice and very im- 
portant medico-legal question : If cldoroform be properly given, will it 
awaken a i>ers()n, or will the jjersou iiass from a natural to an ui'tificial or 
ohloroform-sleep without being awakened ? This was (wked of Dr. Quimby 
at the trial, by Mrs. Smith's counsel, and he replied that he hod never at- 
tempted tlie administration of chlorofoi'm to an individual during natui-al 
sleep, and that the books, so far aa he knew, were silent on the subject 
He then made three experiments with a view of determining this point. 
He fii'st made arrangements with a gentleman of his acquaintAnce to enter 
his room while be was asleep, and give him chloroform by inhalation. 
Tliis he did witli entire success, easily transferring him from natural to 
nrtififial sleep without arousing him. He used for the pui-poje about three 
dnwdmis of Squibb's chloi-oform, and occupied seven minutes in the experi- 
ment. The second case was that of a boy, thirteen years of age, who had 
refused to take ether for a minor operation. By Dr. Quimby 's advice hia 
mother gave him a hght supper and put him to bed. When he was asleep 
the doctor administered chloroform, and perfoiined the operation without 
awaking him. The third case wna simitar, the patient being a boy of 
ten. who was suffering from an abscess which it was necessary to oj^eu. 
Mid the same course was pursued hero with c-qvisd success. Two infer- 
ences might be dra\vn from these c.Tae.i, Ihe ivriter a.-iid : 1st, minor sui'gical 



92 

operations covdd dius be dooe 'witJi perfect Bafety, and much more agrees* I 
bly than in the ordinary nay ; and 2d, an indttidual somewhat skilled in'l 
tlie uae of chloroform might enter a Bleepiiic-apartmeot tmd odministei i 
chloroform, with evil intentions, to a person while asleep." | 

The poBsibihty of inducing anieBtheaia for criminal purposes, upon 
waking persona, has been estenaively discussed. When the use of anies- 
thetics was first introduced, much alarm was experienced in certain quar- 
tei's lest the new agents should be employed for the purpose of over- 
powei-ing iijdi\idual8, iu order to facilitate the comniiaaion of i-ohbeiy or 
rape. It has eonnmratively often been alleged that in tlds way a custo- 
dian has been ovei-jjowered by an inspiration of chlorofoi-m, causing im- 
mediate insensibihty. But wo know that tbie is impossible. AniestheaiB 
cannot be induced upon a waking individual without either his own con- 
eent or an exhibition of constraining force that would render its inductioQ 
unnecesaaiy. So long ago as ISGO (Lond. Med. Gaz.) Dr. Snow reoiu'ked : 
" The public bavQ been greatly and onnecessarily alarmed about the em- 
ployment of chloroform by thieves ; what they really have to dread is th&t 
robbers will still resort to the old means of the bludgeon, the pistol, and 
the knife, and not to one which, like chloroform, allows the victim so 
good ail opportunity of escape, and tJiemselves bo great a chauce of detec- 
tion." There is no doubt, however, that Uaieves have attempted the use 
-of chloroform witli the hope of facilitating their schemes. Lord Campbell, 
in a s[ieech before the House of Lords, in favor of a bill to make the un- 
lawful administration of cliloroform and other stupefying agents felonious 
made the statement {Wharton and Still^'s "Medical Jurisprudence," Book J 
v., § S95) that : " It stood, indeed, on record, that since the discovery of J 
chloi-oform, pei-sous had been convicted before the competent courts olfl 
nsiug that ailicle for the purjKise of robbery." In the same work (Joe. ctt) 1 
the following nan-ative is quoted from the Medical Qazelte for Kovember, 
ISoO : "A gentleman named Mackintosh had retired to bed at a hotel In 
Kendal He was au-akened about twelve by a mau attempting to sufibcate 
biin by means of a rag sf«eped in chlorofomt. Mr. IMackintosh, who is an 
elderly man, struggled desperately with his a.ssailant ; but, whether from 
the fumes of the chlorofoi'm or the disadvantage at wlStti he was taken 
by his midnight assailant, he felt himself fast fainting, wlien hie cries of 
' Help ! murder ! ' roused the house. When the landlord made his wi^ 
into the room, Mr. Mackintosh was almost ]X)werless, and his asaas^ or 
I'obber was lying upon tlie bedding, which had fallen upon the floor in the 
scuffle, apparency sound asleep. On being roughly shaken, the latter pro- 
Jessed that he hail long been a sleep-walker, and appeared to be astoniahed 
to find himself where he was. A policeman was sent for, ond the man 
taken into custody. A strong smell of cldoroform was jierceived by the 
pai-ties who entered the room upou the alarm being given, and a botUe 
contiining chloi'oform was found under Mr. Mackintosh's bed, and a mini- 
lar bottle in the carpet-bag of the piisouer, who hod been at the hotel 
several days. The probability was tliat the ruffian Was secreted under the 

bed when Mr. M retired to sleep, as the laner had placed a chair 

previously against the door to prevent intrusion, Kiere being no lock upon 
the door. This criminal escaped with eighteen months' imprisonment, 
the offence not being a felony at that time, since there was no intent to 
commit murder shown." 

In a trial for an attempt at robbery by the use of chloroform, at New 
Bloomiield, Perry County, Pa., Januaiy 18, 1871, the possibility of ana^a- 
ihetizing a sleeping ^lersou was tUscuayed in couii by Dr. F. F, Matnj 
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and B. Howard Band, ItD., Professor of Chemiatiy and Lecturer on 
Medical Jurisprudence in Jefferson Medical College. Dr. Maury stated 
(Wharton and Stillc, loc. cii.) that he had " esperimented with chloroform 
on six sleeping persona. Out of that number all resisted, more or less. 
Two men woke up immediately, and one remarked ' You are trying to give 
me something.' . , . I administered it to a child four days old : it offered 
reaistauce. With my experience I coidd not administer chloroform to four 
persona" 

The use of anjesthetics had acnrcely been introduced, when an alarming 
form of accusation appeared in the criminal courts of the world. In the 
year 1847, a dentist in Paris was condemned to punishment on the accusa- 
tion of a young lady to whom he Iiad administered ether. On recovering 
her consciousness she found herself in a condition of disorder which, in 
connection with an alleged recollection of what had transpired during" 
etherization, led her to charge the dentist with a violation of her chastity. 
A few years later ii similar case occun'ed in Philadelphia. This has be- 
come one of the celebrated cases in Medical Jurisprudence. It was care- 
fully reviewed by Dr. Hartshome, in the Philadelphia Sledical Kramiju^, 
December, 1854, and ia quoted in full by Whai-ton and Stille, vol. ii., pp. 
201^208. 

The young lady was accompanied to the dentist's door by her accepted, 
lover. She therefore entered the office in a condition of more than ordi- 
nary amatory exaltation, which was undoubtedly augmented by the local 
spinal and uterine hyperaemia, naturally coincident with the approaching 
menstrual ni^us, due on that verj' dny. In thia extraordinarily elevated 
state of nervous excitability she waa closeted with an agreeable gentleman 
who had not long previously, perhaps jestingly, talked of making her his 
wife. She inhaled ether, and, of course, passed through a stage of addi- 
tional erethism which— according t« the remark of the dentist, to a lady 
who came in after the operation, that ether hod not much effect on her 
— was not fully merged in complete aniesthesia. While in this condition 
of exalted senaihihty, the contact of a finger with the wrist was magni- 
fied into a voluptuous sensation ascending tlie arm and invading tliebreaate. 
The sharp pain, caused by tlmisting a probe into the cavity of a decayed 
tooth, like painful excitations under other circumstances of obtunded or 
perverted sensibility occasioned by abnormal states of the nervous system, 
ia referred, not to ita real point of origin, but to some other distant portion 
of the body. By such irradiation the pain lu the dental pulp was referred 
to a portion of tlie body that happened just then to be imusually irritable 
— the sexual centres in the pelvis. As a consequence of the iucomplete- 
neas of the auEestheaia, the patient was in a dreaming state.- The half- 
formed perceptions were not controlled by the external senses, and the 
ideas thus originated followed one another in the most extravagant and 
improbable manner. But, as a consequence of the hj'penrmic state of the 
cerebral tissues, the functions of the waking portions of the brain gave to 
the nascent ideas a degree of riviilness and a persistence in memory that 
did not belong to the ordinary processes of thought When full conscious- 
nesB was re8t()red, these illusions and hallucinations persisted under the 
form of delusions. It may then bo with perfect assurance of the trutli of 
her behef that the patient asserted her ruin, and her perfect knowledge of 
what she declared hei-self to have been powerless to resist. 

The utter ignorance of all logical connection between the actual iiu- 
preesions made upon the patient during the stage of ethereal exaltation, 
and his perception and recollection of the same, is well illustrated by uu- 
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meroua exompleB. I haTe seen a patient — an officer in tiie army — who de- 
clared that hie aensatiouH during an examination of his wounded arm while 
under the influence of ether, were of the most delightful character. He 
fancied himaelf borne upon u roueitte cloud, ruehing through space on his 
way to plunge into the aim. Wharton and Stille {loc. l-U.) have collected 
a number of illuati'ative cases. " A patient of Frof. Fithn, being put under 
the influence of chloroform, at once fancied himself in his beloved Italy, 
and gave full vent to his expressions of delight ; he raised himself up dur- 
ing the operution for the liberation of a hernia, and watched it with great 
interest, answering to the question whether he felt any pain. Si, to netito 
Cincuiioiie, ma no irt^nto dolori. . . . During an extremely painful oper- 
ation by Yelpeau upon a young girl, she raised herseU into a sitting posi- 
tion as if to observe it. She said afterward that she supposed herself 
seated at a dinner- table. " Dr. J. F. B. Flagg, a surgeon-dentist in Phil- 
adelphia, collected several similar cases, published in his work on Ether 

and Chloroform. "After an operation," writes Dr. F , "performed on 

the forehead of ^^Ii-. T— — , a dentist of this city, be said that, although 
his eyes were shut, he saw e^xrij chI af the knife. He saw the shape of tlia 
wound upon the forehead, and, what was better than all, this cutting ap- 
peared to him to be done upon somebody else." In tbiq case we have on 
eatample of irradiation of sensations during the hypersensitive condition 
induced by the antcsthetic. Impressions made with the knife upon the 
sensory nerves of the skin do not stop in the appropriate centres for the 
perception of such sensations; they leap over the hmits ofthese cortical 
recipient ni'ctis, and invade the territory set apart for the perception of im- 
pressions coming tbi-ough the retina. The patient sees, without opening 
his eyes. This false judgment is not correctetl by the sensation that origi- 
nated the process, because the ancesthetic ellect of the etlier in this case 
has sufficiently progressed to blunt the line edge of common cutaneous 
sensibihty, wlule at the same time exalting the receptivity of particular 
cortical portions of the brain. 

" Another young lady mentioned by Dr. Flagg, when the forceps was 
placed upon the tooth cried out, 'Stop pidling 1 stop pulling ! ' The tooth 
was nevertheless extracted. ' She Tom from the chair in much excitement, 
and would have fallen to the floor, but I caught and sustained her for a 
moment, when the ether instantly passed ofF.' This young lady dreamed 
that she was in danger of shipwreck, and, seeing the rocks and breakers 
ahead, cried out to the man at the wheel, with all her strength, to nf.<^>puU- 
ing. In another instance, a lady, while under the influence of ether, re- 
sisted the attempt to extract her tooth. She ijU vp from the chair, seem- 
ing much offended, and took her seat in another poii; of the room. When 
the effect of the ether passed off, which was in about a minute, she was 
much astonished at finding herself so remote fi'om the position she occupied 
when she fell asleep." 

The following example of delusion produced by ether is quoted 
"WTiiirtou and Stillii from the Union Mklwale, September, 1867 : " A yOK _ 
man, having been sufficiently etberizetl, the dentist prepared to extract a 
tooth. In a moment he dashed the instrument from his mouth, left the 
chair, and, striding about the room, demanded what they meant to do with 
biiu. In a few moments the effect of the ether passed off. 'Being agoiu put 
under its influence, the same &ene was enacted^ vfitii even greater violence, 
and he endeavored to jump out of the window. When be repined his 
memory, he related that hfi imagined himself suirouuded by a great num- 
ber of enemies, one of whom endeavored to drive a nail into bis mouth, and. 
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being unable to struggle witli tlieiu, be Lad sought safety in flight" Such 
iUusioDB are not uncommon consequences of the dreamy state that precedes 
the advent of complete unconsciousness. The external senses are closeil, 
but ihe intumal senses may be, for a time, more active than during the wak- 
ing state of the individual. As we have seen, when considering the physi- 
ology of sleep, the sequence of ideas in these dreams is largely — aometiniea 
whoUy — determioed by internal impulses proceeding from the different in- 
ternal organs of tlie body. It may be an agitation of the peripheral extremi- 
ties of the pneumogastric nerve ia the stomach or in the lungs. It may be 
an irntation arising within certain portions of tJie brain itself. It lasy be 
a commotion springing from the genito-urinitry organs, "NVliatever portion 
of the body may chance to be a poiat of unusual excitement, from that pro- 
ceeds the impulse whicli causes tlie di-eaui and gives dii-ection to its coui-se. 
The extraordinary variety that charact«rizea erotic dreams in natural sleep 
ia sufficient to suggest the possibilities of such dreams when occurring 
under the stimulation of alcohol or of ether. Dr. N. L. Folsom, of Ports- 
mouth, N. H., has recorded the following case [Med. aiui Surg. Ilep., Jaim- 
ary 12, lt(77), illustrative of tliia phenomenon : 

" In 1854 a clergyman's sister came to my office for the purpose of tak- 
ing etlier and having a tooth esti-acted, and brought her brother's wife with 
her. I began to administer the ether to the patient, and whilst renewing 
it she got away from me, and seemed alarmed and offended. I did not at- 
tempt to compel her to breathe any more ether, but urged her Ui take it, and 
BO idso did her brother's wife, but she would take no more. She bud the 
impression, so her brother told me, that I attempted to violate her, and that 
hie wife assisted me. It was a long time afterward befoi-e she would fuUy 
give up that she was miatAken in the matter." The Boston M&l. and Hurij. 
Jour., -p. 287, November, 1858, gives an account of a case in Montreal, in 
which a dentist was tried for an alleged attempt to commit rape ujron one 
of hia patients to whom he had given chloroform. One of the witnesses for 
the defence testified that bis own vnia was fully impressed with the behef 
that she too bad been violated by the piisoner under the influence of chlo- 
roform, and she persisted in this delusion, notwithstanding the fact tliat 
her husband was present during tlie whole period of ana'^thesia. In spite 
of this and other testimony, the juiy brought in a verdict of guUly (if an 
attempt to commit rape, though they hod the grace to join with it a rwom- 
mendation to mercy. "Siebold rehitea the case of a woman whom he ren- 
dered inaenaible by ether. Upon regaining her consciousuess she appeared 
to be in n highly excited state, and was loud in her praises of the delight- 
fill condition in which she had beeu ; her eyes sparkled, and a certain erotic 
excitation was very observable ('Ueber die Anwendung der Schwofei- 
,£ther-Dumpfo in der Gleburtahiilfe.' Giittdngen, 1847). Pitha observed 
excitement of the sexual feeling in two cases, one' of a woman, and the other 
of a man, ujKm whom he operated {Pnujer Vierlaljalirsdirift, Bd. 3, 1847). 
In one of these cases, observed by M Dubois, the woman drew an attend- 
ant toward her to kiss, as she was lapsing into insensibility, and this woman 
afterward confessed of dreaming of coitus with her husbaud while she lay 
etherized. In ungravid women, rendered insensible for the performance 
of surgiod operations, erotic gesticulations have occoaionally been observed ; 
and ill one case, in which enlai-ged nymphaj were removed, the woman went 
unconeciouaty through the movements otteudaut on the sexual orgasm, 
the presence of numeroua hystandei-s " (\Vharton and SUllfi, Ifjc. cit. 

The following cose, derived from English sources, is containe<l 
FhUadelphia Medimt Timen, December 23, 1877 : " A cose of the 
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importance to the whole profession, not in Great Britain only, but every* 
■where, waa tried before Sir. Justice Hawkins, at tlie assizes at Northamp- 
toD. on the 9tli of November. It was a cbEtrge against a surgeon's assistant 
of criminal assault — of rape upon a patient when under the influence of 
chloroform. If there is a dastardly crime, it is to take advantage of a wo- 
man's helpless uncouaciousnesa to violate her person. And so the magis- 
trate thought who sent the accused to jail on the 14th of September, de- 
clining to hear anything in liis favor, and resolutely refusing to accept bail. 
The charge was that a married woman, named Child, went to the surgery 
of her family medical attendant to have her teeth operated upon. She had 
been there a day or two before, but the attempt to put her under chloro- 
form then failed. A second attempt was rather more successful. She evi- 
dently had some peculiarities or idiosyncraeies in relation to chlorofono, 
for he gave it for an hour and yet she waa never sufficiently under its in- 
fluence to admit of Uie operation being performed. She was accompanied 
by a friend — a Mias Fellows. At the end of the hour Miss Fellows went 
out of the room and saw 5Ir, Child. In a quarter of an hour Miss Fellows 
returned. The prosecutor maintained that on Miss Fellows' return she 
waa quite couscious, but was unable to speak. Finding it impossible to 
perform tlie operation, the accused accompanietl the prosecutrix and her 
friend home. So far Mrs. Child had been unable to speak, but shortly 
after the accused left the house she complained to her husband that he had 
taken advantage of the absence o( Miss Fellows to assault her criminally. 
Next day, when the accused called, he was told about what she had said, 
and he replied that she was laboring under a delusion. Under cross-ex- 
amination, Mrs. Child said that she told the accused that if he would ad- 
mit the offence and quit the town (Birmingham) she would forgive Lim. 
This the accused declined to do, denying that he had committed any of- 
fence. He was then given in custody. The prosecutrix stated that the 
ofieuce was perpeti-ated immediately niter Miss Fellows left the room ; that 
the prisoner went upon his knees and then assaulted her. l^Itss Fellows 
stated that on her return she found Mi-s. Cluld in precisely the same posi- 
tion in the chair which she occupied when she went out of the room. Such . 
were the facts of the case. It was quite clear that there had been either an ] 
as.sault committed, or that the woman waa under the influence of a very ' 
pronounced delusion. The whole of the accused's conduct was in favor of ' 
the latter hypothesis. But, in such a matter, where no third person was 
present, the statement of one of the two parties concerned must be taken. 
AVhen a woman whose character was apparently without blemish (for in 
cross-examination no attempt was made to call her reputation in question) 
makes a definite charge against a man of assaulting her under circum- 
stances which permitted of such an assault, the law could only send the 
cose to a JU17. In the meantime the unfortunate sui'geon's assistant was 
sent to prison. 

"AVhen the case came to be tried, a large number of medical men of 1 
repute came forward voluutaiily to aid the accused's defence, and did this . 
quite gi-atuitoualy. The chief ivitness for the defence was Dr. B. W. 
Kichardson, F.E.y., whose celebrity is world-wide. As is well known. Dr. 
Bichardson has studied aneesthetica very carefully and for many years. Ha 
stated that there were four stages or degrees in which clilorofoi'm operated. 
The first stage was that In which consciousness was not lost ; there waa 
resistance and a desire for air. In the second, consciousness is lost, but 
the operation is impossible, the patient screaming, often without provoca- 
The third stage is that of complete unconaciouHness, and where aHi 
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rigiditj'' ia lost, This is the etago which periuit3 of operation. In his 
opinion the patient ivaa in the second stage ; the third never having been 
reached. He stated that in his own experience he had known persons in 
this eecond stage to have delusions as to what had taken place dming that 
time. He related a number of cases, and stated that the laot of such de- 
lusions being induced by chloroform was one of the earliest objectiona 
raised to its adoption. He related one case where tlie patient, a female, 
was being operated upon by a dentist, and alleged that the dentist crimi- 
nally aasiiulted Iier. And this she persisted in, though her fother, her 
mother. Dr. Richardson, and tlie dentist's asiustant were all present 
throughout the whole time. She peraiated in her conviction long after the 
effects of the chloroform had passed away ; and Dr. Richai-daon said she 
was probably of that belief stilL This evidence of Dr. Richanlson's wna 
corroborated by the experience of Dr. Hawkahy, of Lontlou, and by Dr. 
Saundby and Mr. J. F. West, of Birmingham. The judge asked the jury if it 
was necessary to sum up, and they rephed it was unnecessary — they were al- 
ready agreed upon a vertlict of aojuittal. Mr. Justice Hawkms pointed out 
that such a verdict would not be the slightest imputation upon the absolute 
sincerity of the prosecutrix, who, no- doubt, firmly believed every word of 
what she had said. He then congratulated tho accused upon having had 
an opportunity of fully vindicating himself upoii the charge preferred, and 
Boid that the verdict of acquittal did not mean that there was insuBicieat 
endence, but that the accused won entirely cleared of any imputation in 
respect to the cliarge preferred against him. There coulJ be no doubt tbe 
prosecutrix labored under a delusion. The accused was then discharged 
from custody, having been in prison two months for no offence." 

In this connection, the remark may be added that such cases of delu- 
sion should be carefully investigated with reference to their possible con- 
nection with an "insane temperament." Inqiiii-y should be made i-egord- 
ing the fomlly history of the individual. The fact of consanguineous 
insanity is oftcu successfully concealed by the apparently healthy relatives 
and membei-H of a family in which these morbid pretlispositions mar 
nerertbeieas exist. It often requires, as alienist physicians very well 
know, an immense amount of tact and perseverance to elicit such facts, but 
the effort should always be luiule. The strong excitement that so often at- 
tends the early stage of oitiusthesia may indeed, in certain instances, be 
the exciting cause of illusions and delusions which would never have ex- 
isted but for the insane background, now for the fir.'it time discovered, 
upon which thoy are projected. It is, at least, probable, tliat in all aucli 
cases the existence and presence of an extraoi-dinarily excitable nervous 
temperament may be detected. It ia not an uncommon incident in the 
experience of feeble "neiTous" persons to have any powerful mental or 
emotional excit«ment culminate in a sexual orgasm. Iiet such an iudi- 
vidoat bo subjected to the depressing influence of paui and the agitjition 
of preparation for an operation, so complete a condition of nen'ous erethism 
may he engendered that the additional irritation caused by inhalation of 
tbe aniesthetic vapor will be sufficient to liberate a sexual convulsion. 
The phenomenon fijida ils pru-allel in the epileptic convulsions which may 
be in like manner aroused in epileptic patients who are made to inhale 
ether or chloroform. The sensations thus produced ore conveyeii to tho 
brain, where they are i-eceived without modiheation and correction by com- 
parison withseusations derived from the external sense organs, because thoao 
organs, iiuder the Ixmumbing iullueuce of tbe anwathetic, have more or 
loss completely ceased to perform their appropriate functions. Tlie patient 
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vividly iimi^H 



is actually dreaming, ami the results of her dreams, thougli 
pressed upon the memory, as any dream may alwaj-s be. have 
necbSBory couiiection with external facts than ordinaiy dreams can have. 

While we may thus interpret the vast majority of the phenomena 
ivhich have originated such accusations against doctors and dentists who 
have thus innocently lulministered chloroform, to their sorrow, we may not 
lose sight of the fact that amesthetics may be, and pi-obably have been, 
used to facilitate the violation of women. The now well-established possi- 
bility of success in the induction of anitsthesja durmg sleep, points in this 
direction. But, before conviction in such coBea of alleged violation, the 
fact of intercourse should be established by evidence mora satisfoctory 
than the mere assertion of a woman who at tbe time of the alleged assault 
must necessarily have been engaged in the act of dreaming. Evidence of 
actual defloration, bucIi aa ruptui'e of (he hymen, if a -lirgin, or stains upon 
the clothing or person, ebould be insisted on. No evidence whatever re- 
lating to these particulars was adduced, or, apparently, even asked for in 
the trial o( the unfortunate Beole. In tlie case ot Dr. Davis Green (Wbai'- 
ton and Stille's "Medical Jumprudence," vol. ii., § 2G7), the evidence re- 
garding the alleged, administration of chloroform was of the most unsatis- 
tory character, and yet the defendant was convicted. The principal 
evidence against tlie doctor consisted in the fact of his having occupied a 
room adjoining the apartment in which the prosecutrix had slept She 
became pregnant, and was dehvered of a child. 

The possibihty of the successfid commission of rape upon a woman while 
sleeping imder the influence of ordinary alcoholic beverages, is beyond all 

aaestion. This sleep is a modification of the sleep of ordinary artificial antes- 
lesia — it is, in short, alcoholic aniEBtbesia. This may result fi'om the inges- 
tion of very moderate quantities of alcohol — on amount quite iuaufiicient to 
produce intoxication. Dr. Hartshome relates such a caae, on the authority of 
Ih'. D. F. Lewis, then of Philadelphia, in a note to the American edition 
of Taylor's "Medical Jurisprudence." In London, in the year 1863, Dr. 
Lewis " was called to attend a young woman previously well known to him 
as of excellent character, and found her in a violent hysterical paroxysm, 
brought on by the discovery that she had been violated, during sleep, by 
her accepted admirer. She had returned to her mother's home with him, 
from a long wait, very miich fatigued ; and, after having drank a glass of 
ale, had sunk into a profound slumber, during which the act had been per- 
petrated without the slightest evidence of consciousness on lier part. This 
was admitted by her companion ; and her prompt diacoveiy of her vreong, 
and immediate alarm and agitatiou, as well as her known liability to unuai^ 
ally hea\7 sleep, fully established the truth of her assertion. The usual 
physical signs of recent defloration wei-e presented on her pei-sou." 

ANJiSTHETTC SUBSTANCES. 

In tlie following list of anicsthetic substances, the classiiicatiou employed 1 
in Jliller's "Elements of Chemistry," fifth edition, has been adopted. 

Organic Compooses. 

Methase; CH, ; Mdhijlic hydride; Formene ; Jfar»li-gris ; Liglit < 
retted kyilroi/en, or Stibcarlnirelted hydrogen. One of the pruicipal con 
ents of coal-gas, giving to that substance very decided aiuesthetic propertiei 
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MoNOOHLOBOUBXHANE ; CH,C1 ; Methyuo chloride ; Methyl ckioride ; Me- 
thyl hydrochloric ether; UydrochloiiUG of methylene; CMoritre de milhyle; 
Melhi/lckloriir. 

Dici{u>itouEniu.-£ ; CH,C1 ; MEraYLENE bichloride ; Methylene dickloride ; 
Sichluride of tnelhylene ; Melhyleni bicliioridum ; Cldor are de mithyle mono- 
(More ; illher chlorhydriqiie nionochUiruri de I'esprii de iots / Methyloi bi- 
chlorid; Chlorometliyl ; Chloromelhylchloriir. 

TRiCHLoaoMKTHAME ; CHCI, ; Chlorofohm ; Chlorq/vrmum ; Chhrqformc ; 
Trichloraie of f tinny L 

TBTttAcnLOKOMBTHANE ; CCl, ; Caebonio tktrachuiridb ; TelrachUnide if 
carbon; ClUurocarboii ; Carbonii lelrachloriduin ; JiwIUorure de carbone ; 
I'orinine percldori ; Vterfaahchlorko/UenstoJ/^' ; TelraciUormetlatn ; Carbon te- 
trachloriir. 

TiuBRouETHANE ; CHBf, ; BaoMOFonu ; Bromoformiiin ; Bromoforine, 

Iodomethane; GH,I ; Methyuo iodide; MethyU tudidum; Iodide of jne- 
thyl; lodure de mkhyU: : Jodinelhyl. 

TiuiODOMiTrHANE ; CHI,; Iodopoem ; Jodofonnum; lodoforme; Jodform. 

MoNOCHLORBTHANE ; C,H,C1 ; Ethvuc chloride; Hydrochloric ether; 
&her ddorhydriqae ; AelhylchlorHr. 

a— DiCHLORETHANE ; CH,CLCH,C1; Ethylenio chloride; Ethylene bi- 
chloride; EUiylene dichloritie ; Dutch liquid; EDiene clUoride; JEtkylenuin 
bichloriduin ; jElhylenuiri cfUoralum; Liqueur Hollandaia; Huile da gaz 
defiant; AethylenchUmd ; ElaylchlorHr ; Oel der hollandischen Ckem- 
iker. 

,? — DicHLoRin'HAHE ; CH,.CHC1, 1 Ethjdene dichloride; Mhylidenie 
ddoride; Efhylideite cJdoride ; ^Kthylidenum chloralum ; Aelhylidenchlorid. 

a — Trichlorothanb ; CHJJl-CHCL ; Monochlorbthylenchloridb. 

— Triculorethank ; CH,CC1, ; Methylchu)roeorm ; Monochlor-elhyVv- 
denchlvride. 

Mo«OBROMETHAHE ; C,H,Br ; Ethtlio bromide ; Bromide of etiiyl ; Ethyl 
bromide; jEl/ier hydrobrvinicug ; If ydrobromic ether ; £lher hydrobromique ; 
Broinure d'ithyle ; Bromwasserstoff'ather ; Aethylbromilr. 

Iodehiane; C^,I; Bthyuo iodide; Iodide of elhyl; Hydriodio ether; 
Skher hydriodum^ ; lodure d'Uhyk ; Jodwasseritloffatlier ; Jo<ldihyl. 

a — Tetranechloride ; C H,C1 ; BtrrvLio chloride. 

fi — Tetraheohloiudb ; CH(CH,),CH,C1; Isobutylio chloride. 

Pkhtene; C,H|,; Amylene; Fentylene. 

Pkntane; C,H|^ ; Amylic hydiude, 

l&iNocHLOROPENTANB ; C,H||C1; AttYLio CHLORIDE; ClUoride of omyl. 

Mokoiouopentame ; C.H,,!; Auylid iodide ; Iodide of amyl. 

OtTTANB ; C,Hj|, ; C'aprylio hydride ; Octylw hydride. 

KxRuaELBNE, B inisture of varioua hydrooarboiiB diutilled from coal-tar. 

Oil OF TDRpENTiNE ; C„H,,. . 

Benkene; C,H,. 

Pyrrol; C.H.N. 

Etuyuo ALCOHOL ; C,H,0; Alcohol: Alcool; AlkohiA ; Weingasl. 

Phenol; C,H..0H; Carbolio Acid; Oxybemene; Phenicacid; Phenylio 
alathol; Aciduvtcarbolicum ; AcidumphenicumcrynlaUizalam; Acidephmi- 
fju/f; Acide carbolii/iie ; Hydrate de phenyte; Carboisaure ; PhenylaUure ; 
Phenylalkohol. 

'Auchlurethaldehydrol ; CC1,.CH (OH), ; Chloral bydeatk ; ffydrata of 
chloral; Chbiral hydran ; JlydraledeJUorai; Chloralitydrat. 

Trichlohouutaldeuyijrol ; C,H,C1,CH (OH), ; Bdtvl ckloral hydrate; 
Chiond butylicuin ; flydrate de Moral butyliijue ; BiUylchloralhydral. 
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Methtuo oxide; CHj.O.CH, ; Mfthyijc ether; Methylene hydrate j 
Mher methylique ; Oxide de methyle ; Methyliitlier ; Nohather; IbrmHAer. 

Ethyuo oxide; C,H..0.C,H^; Ether; Elhylic ether; Sulphuric ether ; ] 
Elher vinique; Schwefelather. 

Methylal; CH ^ ( OCH ) ; Mefhijlene dimelhyl ether ,- FomuU. 

Ethaldehyde; CH,.C0H; Aldehyde; Acetic ot Ethiflw aidehyde. 

DiMBTKYL kbtosb; CH,.CO.CHj; Acetone. 

Ethtlic formate; CjH^.CHO, ; Formic ether; ^her /ormiciis ; &ker j 
formi-jiie; AvieuteniUher. 

Ethyuo acetate; C3,C,H,0, ; Acme ether; ./Elher acelicuB; Ethyl I 
acetate ; 6lher acetique ; Essigdlher. I 

Ethtlic sitrite; C,H,.N0, ; NiTROua ether; £(her nitrique; Salpetev \ 

EthtiXic KrrBATE; C,H,.NO,; Nitric ether; £ther azotii/ue; AelAylni' , 

tnU. . 

Amylic nttrite; CjH,,.NO, ; M/j-i^e of amyl ; Amylo-nitrous-elher ; Amy- J 

luvt jiilrosum ; Azotiie d'ainyle ; Amybiitrit. 
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NrrROQEN ; N ; Nitrogenum, ; Azote ; Sticktioff- 
NiTRoiis OTODK ; N,0 ; Laughing gas ; Protoxide of niljvgen ; NUrogea 
monoxide; Protoxyde d'azole : Stickstoff oxydul. 

Carbonic oxide ; CO ; Carbonei oxidum ; Oxyde de carbone ; Kohlen- 

Carbonic anhydride ; CO, ; Carbonic acid gab ; Acidum carbonicum ; \ 
Acide carbonique ; Kohlensaiire. 

Carbonic disdlphidk ; CS, ; Sidphqcarbonio acid ; Bisulphide of carbon f 
Carbonei bisulphidum ; Sulfure de carbone ; SchwefelkohlenMoff'. 



Pupe-Ball; Lycoperdoii proteiui. 
Anssthesia bt rapid rbhpiration. 
Anastuesia by ELEOTBicrry. 



METHyLIC CHLOBIDE— CH,C1. 

Meth'jl-hydrochlorit: fthrr ; Uydrocldorate of methylene ; MelhylcldorUr, G. 

Specific gi-a-vity, 1'736, 
Boilmg-point, -22° (-7.6° F.). 

Metbylic chloride was discovered by Dumas and Peligot in the year 
1835. It is a colorleee gas, clmrocterized by itii ethereal odor and a saccha- 
riue taste. Water disaolvee 2.8 times its volume of the gas at 16° C. (60.8° F. ). 

MethjUc chloride bums with a white flame, green at the edges, produc- 
ing water, hydrochloric ncid, and oarbonic anhydride (Watts). 

Hermann and Bichordeon have found the solution of this gas in ether 
a very efficient and ^reeable anreatbetic. According to the Committee of 
the British Medical Asaociation {Brit. Med. Joiir., January 4, 1879), the gas 
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itself, liberated from its alcoLoiic solution, is not very potent A rabbit 
was subjected to its inlialaliou, but "after somewhat prolonged use ih»z% 
was uot any abolition of reflex action, and the auimal almout imiuediately 
recovered. The only effect wau slight drowaiiieas." 

METHYLENE BICHLORIDE— CH^Cl,. 

IHciiioromelhane — MeOujlene dwidoride — Bichloride of melhyiene, R ; Methy- 
letii bklUoriduTii, L. ; Chlarure de melhyle moiioc)Uor(i — Etluir chhrhy- 
drique monochlorure de Cespril de bois, Fr. ; Melhylcnbicklorid — Ghloro- 
methyl — ChlormetlujlcldorUT, G, 

Specific gravity. 1.344 at 18" (64.4° F.) ; 1.36 at 0° (32° F.). 
Boiling-point, 30.5" (87° F.) ; 40°— 42° (104—107.6" F.)— (Millei). 
Vapor density, 3.012. 

Methylene bichloride was discovered by Regnault in the year 1B40. It 
is a colorless liquid, with on odor resembling that of chloroform. It is neu- 
tral in its reaction with test-paper, and is soluble in alcohol and ether. Ita 
vapor bums witli a brilliant flume. It is prejwred by passing goseoua me- 
thyl chloride tlirough water into a glass globe into which clJorine gas in 
conducted at the same time. From this globe the mixture is conveyetl 
through a aeries of Woulfe's bottles, cooled with ice, which condense and 
detain the chloroform that is produced. The residuiuu, which condenses 
in a cooled receiver at the end of the series, is pure methylene bicliloriJe. 

The blood of animals to wliich methylene bichloride has been admtuis' 
tered is of a bright red color. It clots reaiUly, even after removal of its 
fibrin. The effect upon respiration and circulation is very similar to the 
effect produced by chloroform, though the movements of the heart and lungs 
are somewhat more accelerated than after chloroform. It soon paralyzes 
the heart of the frog. Richardson found blood in both sides of Uie heart 
of a rabbit wliich had been killed by tlie vapor of methylene bichloride. 
The Committee of the British Mediod Association saw the right ventricle 
become enormously distended with blood when the heart was exposed duiing 
inhalation. The lungs were not congested. Owing to the low temperature 
at which the liquid boils, it cannot conveniently be employed dining warm 
weather. Fur the same reason its vapor escapes more rapidly from the 
blood, so that recovery from aniestbesia produced by its inhalation is more 
rapid thou after chloroform. Its effects are, tlierefore, speedy, but not per- 
sistent. Four cubic centimetres (one drachm) are sufficient to produce 
iusensibility. There is no disagraeable sensation aroused by tlie act of in- 
halation, and there are no unpleasant feeUngs in the head on awaking. 
Richardson describes his experience with the aniesthesia induced by me- 
thylene as having given him tlie impression that he liad merely closed his 
eyes and had immediately opened them again. In many cases muscular 
disturban<-es have preceded the occurrence of insensibility. Tourdes and 
Hepp observed the immediate production of rigidity by injection of the 
muscular arteries with methylene bichloride. The pupUs are always con- 
tracted for a short time during anrosthesia induced by ita use, Vomiting 
occurs very frequently, though not quite so often as after ohloroform or 
ether. Tliis symptom was observed by Miall in forty-two out of one hun- 
dred cases. 

Spencer Wells, in England, has been one of the most enthusiastic odvo- 
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catea of this auresthetic. In 1877 he (leckred that, nfter ten years' esperi- 
ence of its use in more than one thousand cases of ovariotomy, he believed 
it " to be, without a single exception, applicable to every patient, perfectly 
certain to produce complete aniestiieBia, reUeving the Burgeon fi-om all alarm. 
and even anxiety ; and its use has never been followed by any dangeroua 
symptoms which could be fairly attributed to it." Tumbull states that this 
anaesthetic was tested by tlie late Washington Atlee, who was not 80 well 
satisfied with it as with a mixtiire of ether and chloroform. It has been 
suggested that the substance used by Mr. ^^'ell^ was really n mixture ot 
chloroform and methylic alcohol or ether — in fact Mr. Wells admits that 
Bach may have been the case. Mr. Morgan states that he has used the sub- 
atance one thousand eight hundred times without n single accident (Brit. 
Med. Jour., Januoiy 4, 1879). Professor Kocher, of Bern, expressed to 
Kappeler the opinion that the favorable resiilts which had followed his ad- 
iniuisti-ation of methyleue bichloride, in about tlm-ty cases of ovaiiotomy. 
were due to careful preparation of the patient, and to economy of blood dur- 
ing the operation, rather than to any special superiority of the anA-sthetic. 

Other surgeons have been lees fortunate with methylene. Kappeler 
has collected from the medical periodicals of Great Britain alone a list of 
nine deaths occasioned by tins aniBstbetie between the years 1869 and 
1875. To this list might be addetl at least one more death (iMncti, July 
fi, 1873), which occurred in the Birmingham Hospital. Besides these 
cases, several o&ers have been reported in which methylene bichloride had 
been administered in alternation with Bome other anrcsthetio. A number 
of cases have also been reported iu which alarming eymptomB made their 
appearance either during or after the inhalation of the Huhstance. render- 
ing necessary the raont energetic treatment for the restoration of the pa- 
tient 

Taking, tlierefore, into consideration the physical properties of the 
liquid, the inflammability of its vapor, its considerable expense, and the 
absence of any special advantages over chloroform, together with the high 
rat« of mortality that has attended its use, it is impossible to recommend 
the furtlier employment of methylene bichloride. 

The first case of death from the inhalation of bichloride of methylene 
oc'cuiTod in Charing Cross Hosijital, London, October, 18G9. It is re- 
jKirted as follows : 

1. Mole, thirty-nine yern*, pole and broken in health. Klalignont tumor ' 
in the left antrum of Highmore. Frequent bleeding from this had con- 
siderably exhausted the patient Pulse was of ordinaiy force and fre- 
quence. Aueesthetic taken iu the sitting postion ; at first fom* and after- 
word two gramniee were given. The pupils were slightly dilated. While 
inhaling the second dose the head of the patient suddenly fell backward, 
the pulse weakened, and then became imperceptible. There was no ster* 
tor, no lividity of the face. Tlie usual restoratives all failed. — Marshall : 
BHt. Med. Joum., October 23. 18G9. 

2. Male, for^ years, healthy. Iridectomy in both eyes. One drachm 
of methylene. Great excitement, struggling to get free, and appearance 
of cyanoBts. Becoming quiet, at length, the anresthetic was removed, and 
the operation was pei-formeti Signs ot pain were appaj-ent during the 
second iridectomy. About three minutes after the eyes had been band- 
aged, respiration became shallow and gasping, and the i)ulae ceaseil. The 
patient was laid upen the left side, but death occuiTcd after a few gasps. ■ 
3i3eoiTicity, and t^tificial respiration for an hour, were of no avoiL Ati- 
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lopsij. — Blood dark and fluid ; email specks of ecchymoaia over the left 
ventricle ; left side of the heitrt empty aud contracted. Uquid blood in the 
right cavitiea ; lunga h^vperffimic. — Burroiigha, Guv'a Hospital ; Bril. Med. 
Joitrtt., May 7, 1870. 

3. Amputation of the finger. The operation did not occupy more 
than a minute. After the finger had been removed, the head of the patient 
fell on one side, the eyes rolled out, respiration and pulsation ceased. 
Autopsy. — Negative. — Canton, Charing Croaij Hospital ; JSrit. Med. Joum., 
April 29. 1871. 

4. Female, fort^foiir years. Kemoval of a cancerous breast. The 
aufesthetic, in very small quantity, was given on a flannel-cloth. The pa- 
tient gave two or three convulsive gaajJs, and ceased to breathe. ^EadcUffe 
Infirmary, Oxford ; BrU. Med. Joum., September 16, 1871. 

6. Male, fif^-one years. Dislocation of the shoulder. Became insensi- 
hle in two or three minutes. Soon after this his countenance became 
livid, and respiration ceased ; the pulse stopped at the same time. Tongue 
forward ; ammonia to the nose ; electricity for three-fourths of an hour. 
/I't/ojwy.— Heart large and flaccid, but otherwise exhibiting no signs of 
disease. This was the first death in two hundred aud fifty administrations 
of methylene in this hospital.— United Hospital, Bath ; iiril. Med. Joum., 
August 31, 1872. 

6. Male, forty-eight years, apparently healthy. Fistula in ano. Two 
drachms produced insensibility, and the aniesthetic had been withdrawn 
for a minute, when, just as the operation was about to be commenced, the 
patient became livid and ceased to breathe. Sylvesteriam excited one or 
two gasps. Electricity failed. Autopsy. — A large and flabby heart was 
the only discovery. — Middlesex Hospital ; Brit. Med. Journ., October 12, 
1872. 

7. Male. Two drachms inhaled from a conical inhaler of leather. Qreat 
excitement, general muscular rigidity, opisthotonus. The process of inha- 
lation was continued, and at the expiration of two minutes more, insensi- 
bility was perfect, and the inhaler wiis removed. As the patient was 
placed upon his left side, he suddenly became hvid ; respiration ceased, 
and the pulse disappeared. He was rolled over upon his back, and the at- 
tempt was made to bring bach life with artificial respiration, electricity, 
brandy clysters, etc At the outset of dangerous symptoms the pupils 
were narrow, but they soon bpcamo widely dilated, and so remained. 
Autopsy. — Body hvid ; brain and lungs engorged with blood ; ecchymoses 
in the trachea and bronchi ; heart, larjre, flabby, empty, and covered with 
fat, but the microscope revealed no fatty degeneration ; blood, Uquid and 
very dark.— flrii. Med. Joum., October 19, 1873. 

8. Female, twenty-five years, hud already been once an£esthetized with 
methylene bichloride. An operation on the lachrymal apparatus being re- 
quired, she inhaled tliree drochms from flannel pkced in a cone of leather. 
Two minutes after the commencement of inhalation the breathing became 
uoisy and stertorous. The inhaler was then removed, and the operation 
was commenced. The hps and face soon lost their natural color, and res- 
piration was deep and snoring. A few seconds later the pulse weakened 
and ceased suddenly, while respiration continued for a litUe longer. Syl- 
vesterism, inversion, amniotua, brandy clysters, slapping, dragging the 
tongue, gave no relief; aft«r a few sighing inspirations the patient was 
dead. — Boyal Ophthalmic Hospital, London ; Lancet, December 1874 

9. Male, twenty-seven years, healthy-looking sailor. Iridectomy. Pre- 
vious to inhtihition, physical examination detected nothing abnormal. The 
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patient seemed to feci no ansietj. Half a dracbiii. at first, followed by a 
full drachm, of the aiiieBthetiu was iulioled from a leatlier cone. The 
patient struggled ooDsiderably, but soon became quiet, breathing easily. 
Four or five minuteB after the comnieucemeut of oiiiCHthesia, it was ob- 
served that the face of the patient was reddened and somewhat hvid, the 
breathing slow and stertorous, and the pulse scai-cely perceptible. In 
spite of artificial respiration and electrici^, the breatluiig became irregu- 
lar, and the &ce quite hvid. Aidopsi/. — Negative. The heart was healthy 
and nearly empty ; the blood was verj- dark and Hquid ; everything else 
seemed healthy.— Central Loudon Ophthahuic Hospital ; Jiril. Med. Journ., 
July 24, 1875. 

10. A young man. Amputation 'of the leg for disease of the bones of 
the foot. Bichloride of methylene was given on lint. After the operation, 
before the dressing of the stump was complete, the ^latient became pulse- 
less, and respiration ceased. Aj-tiflcial respiration, etc., failed to revive 
him. — Badcliffe Inlirmarjs Oxford; Med. Times and Oaz., September 22, 
1877. 

11. Male, fifty-six years, suffering with caries of the tibia, inhaled bi- 
chloride of methylene for an operation. As the patient did not readily 
Buccumb, methylated etherwas substituted. He soon became imoonscious ; 
but, quickly recoveiing. the bicliloride of methylene was resumed. Great 
struggling and peculiar epileptiform convulsions ensued, followed by tonic 
spasm ; this spasm relaxed ; the breathing became stertorous ; the pulae 
failed ; and death supervened. There was no autopsy. — Eu.it Suffolk Hos- 
pital ; Med. Times aiul Gaz., June 23, 1877 ; Bril. Med. Jourii., March 2, 
1878. 



METHYLENE ETHER. 

A mixture of ether and methylene bichloride was first employed as an 
antesthetic by Richardson in the year 1859. The exact composition and 
chemical nature of the substance are difficult to determine, though Bobbins 
and Archbold are of the opinion that it is a genuine comi»und i-ather 
than a mixture. 

According to Kichardson four to eight cubic centimetres (one or two 
drachms) of the liquid ai'e sufficient to produce anmatheaia in from one 
minut« and a half to two miniites. Sleep is tranquil and seldom disturbed 
by convulsive movements. In a condition of profound antesthesia the pupil 
frequently appears less contracted than would be the case after chloroform. 
Vomiting also occurs less frequently than it does when chloroform or ether 
are inhaled. Unfortunately for the i-eputation of this anresthetic a death 
soon occurred, during its admiuistration by Laweon Tait, and its use waa 
speedily abandoned. ■ 

Death from Methylene Ether. — Female, sixtj'-two years, suffering with a. 
large multilocular ovarian tumor. She was placed readily and quieUj 
under the influence of methylene etlier. After five di-aohma had been ad- 
ministered, she seemed so perfectly insensible that in a few seconds the 
operation would have been commenced. Suddenly she moved herself, as if 
recovering consciousness ; she voided her urine ; her eyes opened ; the 
jiupils dilatfid ; and the pulse stopi>ed. After a few eftbrta at respiration. 
and a spasmodic retching as if about to vomit, the patient ceased to breathe. 
Sylvesterism, strong ammonia to the nostrils, a stimulant enema, cold 
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affuBion upon the chest, frictioii witli a bruali, etc., were trieJ without ef- 
fect Autopay, twenty-four hours after death. — Nothing could be discov- 
ered to account foi'deatL — LawsonTait, Hospital for Women ; Med. Tinu;s 
and Ota., July 5, 1873. 
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'Aim, L ; Vldonforoie-, Ft. ; Cldoroform, G. 



Chloroform waa almost aimultaneoualy discovered in the year 1831 by 
the French chemist, Soubeii-au, uud by the German professor, Justus Lie- 
big. It ia a colorless, volatile, highly refractive hyuid, posaeased of an 
agi-eeable, aromatic odor, and a sweetish, pimgent taste. Its apecilio 
gi-avity is 1.502 at 15° (60° F.), and 1.493G at 20" (C8° F.). Under an atr 
mospheric pressure equal to tCO niilHmeti-es of mercury it boils at 60.8° 
(141.44° F.). Alcohol and ether dissolve it iu every proportion, but water 
at 15° dissolves only about one paii in one hundred by weight It is 
burned with difficulty, yielding a reddish llame according to Regnauld, or 
greenish bordered according to other chemista. As it bums it lUsengages 
a black, sooty smoke, and abundant vapors of hydrochloiic acid, carbonic 
anhydride, and water. 

A number of elementary bodies, for example, sulphur, phosphorus, and 
iodine, are readily diaaolved in chloroform. Among organic substances it 
dissolves fats, resins, gutta percha, caoutchouc, many vegetable alkaloids, 
contliaridine, digitaline, etc. Its solution of iodine is characterized by the 
extraordinary beauty of its violet-purple color. 

Chloroform may be produced by a vaiiety of i-eactions. If chlorine is 
made to act upon methyl chloride, chloroform will be produced : 

UetbTl chlurldc. CtaloratDnn. 

CH.Cl + 2C1, = 2HC1 -\- CHCl. 

If four measures of chlorine be mixed with one measure of marsh-gas, 
diluted with an equal volume of carbonic [tnhydride, to prevent esplosion, 
chloroform and carbon teti-achloride will be slowly formed under the influ- 
ence of diffiised sunlight The reaction may be thus represented : 



2CH. -I- 7Cl,=Ca. + 7HC1 -|- CHCl. 

Chloroform may also be produced during the reaction between an alka- 
line hydrat« and a ti-ichloracetate : 



It may also iu like manner be produced by the action of an alkaline Ly- 
(trate, or the hydrate of an alkaline earth, upon chloral ; 



Caldum b^drmta. Oftldam formUlc- 



Chloroform may coutain impurities that are present in consequence of 
neglect during the processea of manniacture, or they may be the result of 
intentional adultenttiDu, or they may have been produced by the action of 
light upon an originally perfect artiele. The following tetitB uf its quality 
baye been recommended by Begnauld (" Diet. Encyc. des. Sci. MC-d,," t. 
xvi., p. 6i9) ; and by Kappeler {Deul^he Chiriigerie, Ideferujig 20), 

The apeeific gravity of the liquid should he 1.48 at a t«niperatuiB of 
18° (64.4° F). If the specific gravity falls below this figure, the speci- 
men is probably adulterated with alcohoL This may be determined by 
the following reactions : 

A mixture of equal parte of cMoroform and almond oil will beooms 
turbid if alcohol be preseui 

A solution of acid potasHiiuu chromate (1.10) mued with an equal 
quantity of concentrated sulphm^c acid, and well shaken with an aJcoholio 
specimen of chloroform, will assume a green color through the reduction of 
chromic acid to chromic oside. 

If a drop of pure chloroform be added to fresh egg-albumen, no change 
will take place ; but if alcohol be present, the albumen will be coagulated. 

If pure chloroform be allowed to fall, drop by drop, into distilled water 
there will be no disturbance of the transpiu'ency of the water ; but if alco- 
hol is present, the water assumes an opalescent or milky appearance. 

The presence of ether as an impurity may be detected by the following 

If chlorofoi-m changes to a dusky red the color of an aqueous aolution 
of iodine, ether is present. Pure chloroform should give to the solution 
au amethyst color, and should not disturb its transparency. 

CrystaUized nitro-sodic sulphide of iron remains tmchanged in pure 
chloroform ; in the presence of ether or alcohol it is disaolved. 

A fragment of sodium will remain without change in pui'e chloroform ;. 
the presence of acid substances will occasion the evolution of gas. 

Contamination with methylic compounds is indicated by the bkcken* 
ing of the liquid on addition of concentrated sulphuric acid. 

Agitated with zinc chloride, the presence of a methyhc compound ia 
also indicated by the production of a dark oily film. 

If well shaken with a small quantity of di-niti-o-sulphide of iron, chlo- 
roform that contains methyhc impurities is colored brown. The Boma 
color is produced by the presence of aldehyd ether, ethyl- or amyl-alcoLoL 

Chloroform that is esiwsed for any length of time to daylight ia liable 
to alteration. Such specimens of the dmg exhale a chlorine -smelling vapior, 
which may be sufficiently acid to coiTode the corks of the bottles in which 
they are contained. The nature of this change has been carefully investi- 
gated by M. Persoune. This analj-sis of the vapors yielded by chloroform 
that has thus been exposed to light, indicates that tiiey owe tbeJr proper- 
ties to the presence of chlorosycarhonic acid gas^COCl, — which is derived 
fi-om chloral hydrate, present as an impurity in the chloroform. The 
chloral, thus miKed with the chloroform, is an um-educed remnant of the 
chloral that is produced by the action of calcium hjiwchlorite upon alco- 
hol during the process of manufacture. This <;hloriU continually exhalea 
chloi-osycarbonic acid gas — hence the pecuhar quality of such chloroform. 
By long agitation of chloroform with a solution of caustic soda, before th© 
final process of rectification, the last trace of chloral may be removed, and 
the distillate then remains without subsequent change. Chloroform which 
has been thus treated has been exposed to daylight for a year without de- 
terioration. 



CHLOROFORM. 107 

The following testa will be (ounrl useful : 

The abaeuce of acids may be determiBed by the use of blue iitmua- 
paper. If the test-paper is bleached by immersion in chloroform, either 
free chloiine or euchloriiie is present. 

Storched-paper imbued with iodide of potassium is colored by immer- 
sion in chloroform that contains fi-ee chloriBe. 

Hydrochloric add gives a precipitate of silver chloride when a wateiy 
solution of the acid containing chloroform is treated with nitrate of silver. 

The presence of aldehyd is indicated by the formation of a silvery film 
upon the sides of the test-tube when the impure chloroform is heated 
with a solution of nitrnte of silver. 

Ethylene chloride is present if the addition of caustic potaab liberates 
B disagreeable odor of chloraeetyl, ivith an evolution of gas and an eleva- 
tion of temperature. 

The addition of a solution of chloride of iron causes a precipitate, 
changing from blood-red to a yellowish red color, when fonuic and acetic 
acids are present. 

A very delicate test for the demonstration of the existence of chloro- 
form in BitH|iected liquids lias been devised by A. W. Hofimaun. By dis- 
tilling the Uquid with alcohol at a temperature of about 65" (149" F.), 
the chloroform is obtained in the distillate. To this shoidd be added an 
alcoholic solution of sodiimi or potassium hydrate with a drop of aniliu. 
On the api)lication of a moderate degree of heat the disagreeable odor of 
isobenzouitrile is evolved. So delicate is this test, that one part of chloro- 
form in five thousand, or even in six thousand, parts of alcohol may thus 
be discovered. 

By the passage of vapors containing chloroform thi-ough a red-hot glass 
tube, the substance is decomposed into carbonic anhydride, hydrocldoric 
acid, and chlorine. The presence of chlorine can be demonstrated by its 
ehai-acteristic reaction with the potassic-iodide of starch, while the hydro- 
chloric acid may be recognized by the production of a precipitate of silver 
chloride from a solution of nitrate of silver. 

It was but a few months after the discoveiy of chloroform bj' Soubeiron, 
in the year 1831, when Dr. Ivea, of New Haven, undertook the treatment 
of pulmonary diseases by iuhalatious of chloroform vuiwr. Neither he nor 
Dr. Formby, who, in 1838, prescribed its use in the management of hys- 
teria, nor Dr. Tuson, who, in London, in 1844, employed it for the relief 
of neuralgia and pain of cancerous grovrths, nor Dr. GuiUot, who, in 
Paris, in the same year, recommended its use as a remedy for asthma, had 
suspected the possibility of procuring complete amn'stbesia by continued 
inhalation of its vapor. By Dr. Ouillot its solution in water was adminis- 
tered internally, and by him it was highly esteemed as a sedative and anti- 
rmodic agent, but the new remedy attracted very little attention. On 
8th of March, 1847, Flourcns laid before the Fi-ench Academy of 
Sciences a report of liis experiments on animals with certain new antesthetics. 
Having obtained successful resulta with hydrochloric ether, lie had been 
led to substitute the analogous substance, chloroform. He hod found that 
animals which had been compelled to inhale the vapor of this little-kuown 
compound wei-e speedily rendered iuBensible. While in this condition the 
spinal cord hod l>een exposed without pain, and the complete abolition of 
its excito-motor functions luul been recognized. These remai-kable ob- 
Bervatious of the celebrated physiologist yielded no practical i-esult — in 
Paris, at least ; nor is it certain that any knowledge of them had found its 
way us far as Scotland, when Dr. Waldie, oE Livei-jKiol, finding Dr. Simp- 
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son enthusiastically occupied with experiiueuts in ftncestlieHio, lulTieed liimf 
to make U-iiU of diiorofotm. Dr. Jacob Bell liad been previously e5^>eri- 
menting in the Middlesex Hospital with hydrochloiic ethei*. and with a 
Bolution of chloi-ofoi-m in alcohol. Dr. I^wreuce hod also uaed " chloric 
ether " instead of oixlinaiy ether, in St. Bartholomew's Hotjpitol, and it 
was a knowledge of these facts, appareutlj, that caused Waldie to suggest 
to Simpson an investigation of the aniusthetic properties of chloroform. 
Accordingly, on the evening of Nov, 4, 1847, Di-s. Simpson, Keith, and 
Duneaji sat down together, to inhale the vapor of chloroform for the first 
time. Each one was proWdcd with a tumbler, iu wliicli was placed a nap- 
kin moistened with chloi'oform. The reputation of chloroform was in a 
few minutes estabhshed to the satiofaction of the trio ; and on the 10th 
of November, 1847, Simpson read before the Medico-Cbirugical Society of 
Ediubui'gh on account of the new ana.'8thetic, with a detailed history of its 
administration in not less than eighty cases. Intelligence of this discovery 
was received with an enthusiasm which can only be compaied with the in- 
terest awakened by the introduction of ether one year earlier. The conv&* 
nience and the comfort which attend the administration of chloroform 
served to recommend it everywhere ; and the use of ether was almost 
immediately abandoned throughout tlie continent of Europe. 

If a drop of chloi-oform be allowed to fall upon the nVin, it evaporates 
quickly, and produces only a trifling sensation of cold. But if a thimble 
be inverted over the spot, so that evaporation cannot take place, thei-e ia 
presently felt a lively sensation of heat, which soon becomes positively pain- 
ful, as if a blister were in the act of evolution. The skin becomes red- 
dened ; the epidermis softens, and may even exfoliate ; its sensibility ia 
-obtunded to a degree that will admit of its puncture without pain. Pure 
chloi'oform thus maintained iu contact witli the skin for a brief period 
i-arely causes anything moi-e than redueaa and smarting pain — actual ved'^. 
cation is rai-e. The \'apor of chloroform is not particulai-ly irritating tO' 
the external surfaces of the body. It may produce redness, if highly con- ' 
centrated, and a certain degi-ee of cutaneous insensibility, which soon dis- 
appears after removal of the cause. Simpson remarked tiiat tbe effects of 
the vapor were inversely proportionate to tlie thickness of tbe skin, and 
that its action was {^^reatly intensified by previous cleansing of the surfaoa 
with warm water. He was not encouraged by his experiments to believe 
that by tbe external appbcation of chloroform vapor a degree of local 
aniBHthesia could be induced sufficient to allow the painless performance 
of surgical incisionB of the skin. In this respect he disagi'eed with Nuu- 
nely, of Leeds, who claimed that by exposure to the vapor of chlorofona 
he had siicceeded in rendering a finger and an eye sufficiently ' 
for the performance of a 8iu:gieal operation. 

Upon the lower animals, tlie observations of tlje distinguished Scotch;; 
jjliysiciau demonstrated the local effects of chlorofoi-m vapor in a very not-' 
able manner. If the vapor is bi-ought in contact with a portion of tits' 
body of a leech, an earthworm, or a millepede, that i>ortion is rendered^ 
completely insensible. Immersed in an atmosphere of chloroform, the ta3 
of a salamander, the limb of a frog, and the hind-leg of a guiuea-pig, or 
even of a rabbit, become so profoundly auuesthetized that the power of 
motion is temporarily abolished, and the member may be amputated with- 
out paim In the same way Simpson, and, after him, Claude Bernard, have 
shown that the sensitive-phuit doses its irritabibty, and its leaves remain 
without motion in an atmosphere charged with chloroform. The same 
effect is exhibited by the stamens of certain species of Mahonia. £^^^d 
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wtU tlie power of movement in their natural condition, nnder tlie influence 
of chloroform they cease to move. 

Upon the mucous Biirfaces of the body, the local effect of liquid chloro- 
form is quite severe. The epithelium is floon destroyed, and great pain 
is excited. If chemically pure, the -vapor is verj- slightly irritant ; but if 
it containH imiiuritiea, bucIi us absolute alcohol, it is quite insupportable, 
and may be the cause of distresBing phenomena— cough, suffocative sjinp- 
toms, and arrest of the heart. By the inhalation of chlorofonn the vibra- 
tory filaments of the ciliary epitJielium cella lose their power of move- 
ment The mucous glands and adjacent oi^ana, like the salivary glands, 
are considerably escited. Tears begin to flow, tlie mouth and fauces 
fill with sahva, the bronchial tubes become partially obstructed with 
mucua, the gastric juicea ovei-flow, and there may even be a iliarrhtea as 
a result of the local action of chloroform vapor upon the gostro-intestinal 



Various explanations have been advanced to account for the local effects 
of chloroform. Some have considered it an aabingent ; others have re- 
ferred its results to certain mocUficationa iu the local circulation ; while 
others have acknowledged a directly antesthetic eflect upon the hiatological 
elements of the tissues. No iloubt the delicate structure of an organized 
cell may be destroyed — coagulated, adstringed — if treated with an over- 
whelming quantity of the liquid. Undoubtedly in moderate doses it af- 
fects the local circulation very much as tliat ia affected by alcohol In the 
smaller quantity that is furnished by contact with the vapor alone, the vi- 
tahty of the tissues is not destroyed — it is simply degraded. All these 
effects may concurrently appear in succession, or in diffei-ent paiis of the 
aniBsthetic field, when a limited portion of the surface ia aubjectcd to the 
ai-tion of the hquid aniestlietic. Its caustic and disorganizing energy is 
not manifested liy the vn])or, which is really a dilution — an attenuation of 
the active agent. 

The directly paralyzing effect of chlorofonn upim the tissues is well 
illustrated by an expei-iment performed for the first time by Coze, in 1849 
("Diet. Encyc des Sci. Med.," t xvL, p. 654). Having exiMsed tlie heart 
of an onim^ he injected liquid chloroform, through on opening in the 
trachea, iiito the lungs. Immediately tlie left side of the heart ceased to 
beat ; the chlorofoi'm had been conveyed in the blood fi-oni the lungs to 
the left aui-icle and ventricle. If the iujection was tlirowu into the jugular 
veins, the right side of the heart was paralyzed in like manner, while the 
left side continued its pulsations. Whether produced hy an effei;t upon 
the muscular fibres, or by paralysis of the nerves that are connected with 
thoue fibres, need not now be djBcussed. The effect is certainly local and 
ilirect. It is a purely pandj-zing effect, quite different from the permanent 
rigidity of the arterial coats which may be pi-oduced by the injection of 
liquid chloroform into the arteries. In this experiment, chlorofonn pro- 
duces a purely physical result which ia identical with the effects that are 
produced lij all agents capable of coagulating albumen. Muscular rigid- 
ity may tlius be readily produced in small animals by injecting liquid 
chloroform under the skin or into a blood-vessel Such rigidity can only 
lie produced upon the hviug animal, or before the death of the muscular 
fibres. After the disappearance of cadaveric rigidity, chloroform cannot 
restore it The coagulable elements of the muscles have disappeared in 
the process of decomposition. The only effect of chloroform, then, is the 
retardation of putrefaction. It operates like alcohol to prevent the decom- 
positioQ of oi;gamc substances. The close relationship between aiuesthetio 
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action and aDtkeptic action is tima imlicated. It is probable that thtso ^ 
two uioilett o( action tlifler in detfree rather thau in kiud. 

When cliloroform is introduceil into the lunga in the form of vapor, it 
passes readily into the general circulation, and the whole body becomes 
saturated with the substance. But when the liquid is introduced into the 
stomach, it is absorbed and conveyed through the portal vein and the vena 
cava oBcendens to the right side of the heart. From the right ventricle it 
paesea with the blood into the vast capillriry network that is spread out in ] 
the walla of the air-cella. Here it is rapidly discharged, like carbonic acid ' 
gas, viith the expired air. ConaequenUy, the blood that reaches the left 
side of the heart carries veiy httle, comparativeiy, of the ansesthetic into the 
general circulation. For this reason the induction of anifsthesia by this 
method is slow and uncertain, unless a large quantity of tlie drug has been 
taken into the stomach. The phenomena of poisoning may then be pro- 
duced with a fittal result, like th;it so often observed after esceijsive draughts I 
of concentrated alcohohc hquor. Taylor, in his work ou Poisons, relates | 
the following cases : 

" A man swallowed four ounces of chloroform. He was able to walk for 
a considerable distance after taking this dose, but he subsequently fell into 
a state of coma ; the pupils wei-e dilated, the breathing stertorous, the skin 
cold, the pulse imperceptible, and there were general convulsions. He recov- 
ered in &ve days. .... A private, in a cavalry regiment in the United 
States, swallowed nearly two ounces of chloroform. He was seen ten or fifteen 
miuutea atterwar^l ; he had already vomited, and waa found insensible, with 
stertorous breathing, and a pulse of about 60. The stomach-pump was em- 
ployed, !ujd some spirits of ammonia injected. ITie pulse became more j 
feeble, the breathing slower, and the pupils were insensible to hght. The ^ 
surface became cold, and for a time he continued to get worse, the face bo- 
coming piirple, while the pulse was intermittent, and hardly discernible. 
Two houi-s and a half after taking the poison, however, a gradual improve- 
ment commenced, but sensibihty did not return until four hours later. 
For several days he continued to suffer from great imtability of the stom- 
ach, and eventually he hod on attack of jaundice In March, 

1857, a lady swallowed half an ounce of pure chloroform. In five minutes 
she was quite insensible, generally convulsed, the jaws clenched, the faco 
shgbtly flushed, the pulse full and rather oppressed, and she foamed at the 
mouth. She vomited, and iu twenty minutes the convulsions had left 
her ; soon afterward she hod a relapse, and did not recover for twenty- 
four hours, .... A boy, aged four, was brought to him (Mr. Thurse- 
Held) by his father in a stjite of total insensibihty. It appears that he had 
swallowed a drachm of chloroform, aud soon afterward laid his head on 
his mother's lap and lost all consciousness. Mr. Tbursefield saw him 
about twenty minutes aftenvard. He was then insensible, cold, and pulse- 
less. Mustard plasters were appbed to the legs ; they acted well, but pro- 
duced no impression on the sensibihty. His breathing varied : it wa8 j 
sometimes natui-ol, at other times stertorous. He became warmer, his I 
pulse full and regulai- ; and he continued three hours iu this state, when I 
he (bed quite calmly, without a struggle, in spite of every effort made for 'm 
his recovery." r 

It is evident that the essential phenomena after cblorafonii is taken into 1 
the stomach, aie ideutii^ with those which are manifested after inhalation J 
of the vapor. There is the same initial exhilamtion, followed by esoit©- 1 
ment, lapsing into loss of intelUgence and of the power of sensation. The J 
patient becomes unconscious, the muscles i-elax, Uie heaii beats less rapid- 4 
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Ij, the respii'ation falls, the genwal teiupemtiire is lowereil, ami deatli re- 
eulbj either through syncope or asphyxia. 

The appearaucea after death ai-e those commonly dis^jovered after death 
from iuli^tion of chloi-oforni vapor, with the addition of changes due to 
the local effect of the hqiiid uixm the coats of the stomach. The eavities 
of the heart ore usually hlled ivith blood ; conueqiientiy, the cerebral vessels 
are generally engorged. BometimeH the left side of the heart is found 
emp^. The stomach is usually congested in some portion of Ita sui'face, 
apparently where the chlorofoi-m was chiefly apphed to the mucous mem- 
brane. The remainder of the surface may even be paler than natui'al. In 
ehoi-t, the local effects of chloroform upon the mucouB surface of the 
stomach are not unlike the effects produced by swallowing u large dose of 
strong alcohol. 

Wien chlorofoiTu is swallowed in small doses, well diluted, the phe- 
nomena which follow are similar, though in much leas degree, to the phe- 
nomena which are produced by large doses. There is liret a sensation of 
coolness and sweetness in the mouth, succeeded by au unpleasant degi-ee 
of heat. These are symptoms of excitement of the oral, buccal, and pha- 
ryngeal nerves. In the stomach is presently experienced a sensation of 
weight, with which ai'e joined certaui symptoms of agitation which may 
culminate iii painful eructations of the vapor, if not in actual vomiting. 
The sahvary secretion is considerably inci'eased, and the intestinal dis- 
charges may be enlarged. 

Upon the genei-al nervous system such moderate doses produce an 
agreeably traut|iullizing effect The muscular apparatus ts placed at rest, 
if previously ii-i-iljited ; the temperature of the body is lowered, and respi- 
ratory excitement is dlminisheil. These are the secondary effects of tiie 
drug. Its primary action is stimulant, since it produces at lli'st au ac- 
celeration of the circulation, with all the consequent hberation of motion 
throughout the entire economy. 

Analysis of the blood after the infa'oduction of cliloroform, either 
through the stomach or by inhalation, inchoates its presence in the cu-cu- 
lating fluid, but connected with the different elements of the blood in un- 
equal proportions. Schmeideherg ("Ueber die quantitative Besiimmuug 
dee Chloroforms in Blute, etc," Ai-ehiv. fiir physioL Heilk., viiL. 1867) has 
shown that the fluid portions of the blood contain very htUe chloroform, 
while the red blood-corpuscles yield, on analysis, a much greater amount 
of chlorine than is present in their normal state. Distillation extracts 
very httle chloroform from the clot in which these corpiisdes are included, ' 
hence, it is inferred that the substance has entered into a chemical coRi- 
binatiou with some constituent of the corijuscles. When chloroform is 
shaken with fi-esh blood, the mixtnie assmues a brilliant scai-lct color. 
This is supposed to l>e the result of a physical change in the corpuscles, 
since everything Uiat renders them less convex brightens the color of the 
, while an increase of theh convexity darkens the blood. These 
jea are observed in blood that has been withdrawn fiom the body. 
While circulating in the vessels, no change can be detected by the eye 
viewing the current thi'ough their walls, though the fluid ns it escapes 
from a wounded vessel often appears brighter colored than usuaL After 
death from chloroform, the blood is always daik and fluid. This, however, 
may be the result of otlier causes than the presence of the poison. 

If blood be truited with a small quantity of chloroform outside of the 
body — a drop of blood upon the glass sHde of a microsco]je, f or example — 
the corpuscleu will be dissolved, and the coloring matter will cryatalUae 
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upon the glass. This result is more notnblo in the laise of bloixl from 
lower imimiils than from the liuman subjett. The rej corpuscles of liumtui 
blood are simply dissolved. Cei-tain observers have believed that the 
poisonous effects of cbloi-oform might, iu port, at least, be due to the solr- 
ent effect of the uubetance upon the corpuxcles ; but the only fact which 
seems to justify such an opinion is the occasional ap]>earance of icterus 
after dangerous doses of chloroform. Still, it must be confessed that this 
occurrence ia not sufliciently frequent to serve as a basis for the belief that 
the corpuscles ai-e thus destroyed by any such quantity of chloroform as 
can circulate with the blood in a li\'iiig animal. Itisrather to be ascribed 
to secondaiy disturbances of the spleen and Uver than to any direct action 
upon the corpuscles. 

Lil<e other anicsthetic substances of the same class, chloroform retards 
tlie movement of ort-Ren in the blood. E^duciug agents deprive the hiemo- 
globin of its oxygen with much greater difficulty after the addition of chlo- 
roform. 

As for the changes that may be produced in the tissues themselves by 
the action of chloroform transported to them through the medium of the 
blood in the living animal, our knowledge is purely hj-potheticaL That it 
must be an evanescent effect is proved by the brief and transitory charac- 
ter of the s;^-mptoms. The patient soon recovers after inhalation, and all 
his organs once more perform their functions as if nothing had interfered 
with their continual activity. This fact ia certainly inconsistent with any 
permanent modification of the structure of the elements of the body. It ia 
a change quite analogous in its rapidity, and in its respect for the integrity 
of the cell-constituents, to the changes which take place in the corpuscles of 
the blood during the act of respiration. As a confiequence of this, the post- 
mortem appeai'ances which are revealed by an autopsy after death from in- 
halation of the vapor of chloroform, are cliiefly related to the location of tlie 
blood iu its vessels. It is true that many different organic lesions have 
been diacovei-ed and described after deatli from chloroform, but they were 
due to pi-e-existing disease of a chronic character, such as the degenerations 
of the Uver and kidneys which are so often encoimtered among the patients 
in a general hospitaL 

Sometimes the results of eicamiuatiou after death ai-e piuely negiittve. 
The brain is sometimes charged with blood, and, again, it may be quite 
free fi-om unusual congestion. These differences depend upon the mode of 
death. If preceded by asphyxia, there ia great distention of the cerebral 
veasels with black blood, and the ventricles of the brain are filled with ft 
serous fluid ; but if death has been caused by syncope, everj-thing is re- 
versed, and the brain is quite comparatively bloodless ond pale. 

The condition of the heart and of the lungs iu like manner varies in ac- 
cordance with the mode of death. The lungs may be full of blood and 
infilti-ated with serum, presenting all the appeai-auces detaileil iu the above- 
quoted record of autopsy ; or the organ may be pale, bloodless, and nor- 
mally crepitant, while the heart is relased and filled throughout with dark, 
clotted blood. Sometimes the bronchi foid the trachea are filled up with 
thick, bloody mucus, and the mucous membranes are red and congested 
This condition is not uniformly discovered, and it may be in part occasioned 
by local irritation resulting from the use of impure chloi-otorm. 

\\T]en the lower animals are poisoned with chloroform, the heart is gen- 
ei-ally an-ested iu diastole, but sometimes it is found contracted firmly upon 
its coagulated contents. The lungs are sometimes bloodless, while the right 
nde of the heart ia distended with blood. This is the consequence of a 
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BpaBmoilic rigidity of the contractnred wnlla of the branches of the puhno- 
nary artery, analogous to tlie rigidity of the voluntarj niirecles that is oft«a 
witnessed iluring the inhalation of chloroform. It is usuaUy the result of 
n audcleti and rapid introduution of the anfesthetic, producing efiects Bimilar 
to the consequence of an iutra-cardioc injection of the substance. When the 
substance is gradually introduced, the muscular tissues are paralyzed, rather 
than t«tanize(l, before death, and the heart is then found relaxed in diastole. 
Various degrees of vascular distention are found in the abdominal organs. 
The lij-penemia is iisimlly passive in its character, and ia the result of the 
general arrest of the circulation. 

Chloroform remains in combination with the tissues for a considerable 
time after death. It retanls their putrefaction, anil by reason of its per- 
manence may be recovered from the tissues after a number of days. Snow 
mas able to detect its presence dx days after death. Prolonged cooking 
(loes not entirely expel it from the flesh. Labbee states that a rabbit which 
he had killed with ciiloroform was eaten by a hospital nurse, who complained 
□f the disagreeable flavor of chloroform that persisted in the meat in spite 
of careful cooking- 
It is, in the present state of science, useless to discuss the nature of 
the process by which chloroform and other amesthetic substances act upon 
the molecular constitution of the cellular elements of the nervous tissues. 
We can only say that it does in some way temporarily modify that consti- 
tution in such B manner that certaui alterations of function become appar- 
ent Tiiese changes, as Flourens and his contemporaries have long since 
pointed out, become conspicuous through the mediiun of the nervous sys- 
tem in a regularly progressive order. First, the cerebrum exhibits signs 
of intellectual disturbance, characterized by excitement merged in flnol 
paralysis ; then the cerebellum and other centres of motor energy and co- 
ordination are in like manner overpowered. The posterior half of the 
spinal cord, with its sensory nerve-roots, yields next in order ; then the an- 
terior or motor tract of the cord ; and Jiually the medulla oblongata, with 
its dependent functions of respiration and circulation. Upon all these or- 

fans, aft«r the 6r8t outbreak of excitement, produced by the increased in- 
ux of blood that follows the initial stimulation of the circulation through 
the action of the anieathetic upon the circulatory apparatus, the effect of 
the drug ia of a paralyzing character. Consequently, the respiration be- 
comes retai'ded, the blooil-pressure sinks, and the pulsation of the heart 
loses energy and rapidity of motion. The gradual subsidence of these 
functions is due to the directly poisonous effect of chloroform upon the 
mechanism of the heart Scheinesson, and many others, have proved this 
by division of the pneumogastric nerves in the neck of an animal before 
the administration of chloroform. By this o]>eratiou the possibility 
of arrest of the heai-t by any inhibitory impulse from the medulla 
oblongata is precluded. Krishaber defends the opinion that luider such 
conditions the occurrence of death is delayed, but it takes place in spite 
of the severance of all connection between the heart and the medulla. 
The an:esthetic agent causes death of the heart in this case by its poison- 
ous energy alone. The arrest of the heart is delayed by section of the 
pneumogastric nerves, because the tntra-medullary agitations which accom- 
pany the diasoluttou of that centre can no longer be transmitted as excit- 
ants to the heart, t'nder ordinoiy circumstances, with pneuraogoatxic 
nerves intact the death of the medulla is attended with a certain liberation 
of molecular motion which may be sufficiently exciting to maintain a feeble 
pulsation after the cessation of respiratory movements. 
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Suddeu deatl^ in the early stages of chlorofomi inlmlatiou cannot be 
thus esplftined. In such cases the medulla oblongata, and the pneuino- 
gastric nerves intervene in their ordinary manner. The strong excitement 
of the sensory terminations of the pueumogastrics in the respiratorv pas- 
sages, jffoduces a violent disturbance in the molecular structure of tiieir 
medullary nucleL This diHturbnnce may be reflected over the appropriate 
conductors upon the heart, producing its inhibitory arrest in diastole. Or, 
as A. W. Smith {Am. Journ. Med. .Sc'i., 1871} has remarked, the ancesthetic 
may, by its local eflFect upon the sensory endings of the pneumogaatric 
nervea in the air-passages, produce a par^ysis of tliose nerves, so that tha 
reflex respiratory movements shall ceaae, as if the patient hod forgotten to 
breathe. If this be accompanied by a concurrent paralysis of the medulla 
oblongata, death follows at once. It is thus evident that the paralyzing 
influence of chloroform may at several different points break the nervous 
circle upon the integrity of which depend the noimol performance of the 
acta of circulation and respiration. 

Chloroform is eliminated from the body through the lungs, the skin, 
and the kidneys. It may also be eliminated through the mammary' glanda 
of nursing women, as seems to be proved by the stupefaction of infants 
who are suckled lUFter the use of chloroform by the mother. Tlie familiar 
odor of the drug may always be recognized in the breath for a considerable 
period of time after the cessation of the act of inhalation. If the air that 
is expired is passed through a red-hot porcelain tube, the presence of 
cidoroform vapor will be indicated by the formation of a precipitate of sil- 
ver chloride in a solution of nitrate of silver. The actual presence of 
chloroform in the perspiration has not been demonstrated, but every anal- 
ogy indicates the probability of its elimination by tbis method. It cannot 
easily be directly recovered from the urine ; but if air be drawn through & 
quantity of urine, shortly after the use of chloroform, and if it then be 
carried through a heated tube into a solution of nitrate of silver, the pres- 
ence of a chlorinated substance may be demonstrated. The applicstioD of 
the copper test to such urine indicates the presence of a reducing sub- 
stance, exactly as if glycosuria existed, or as if chloroform instead of urine 
had been employed in the experiment ("Diet. Encyc. des ScL Mtd." t. 
xvi, p. 664). This test, however, is not decisive, for the reason that the 
alkaline formiates also reduce the cupro-potassic solution. A certain 
amount of chloroform seems to be decomposed in the body by the actioa 
of oxygen, yielding formic acid and hydrochloric acid, which are eliminated 
in the state of chlorides and formiates. Of course, it is impossible to say 
that such are the actual changes that take place in the laboratory of the 
cell where the oxidations of the body are principally performed. It ia not- 
improbable that still more complete dissociations and more complex recon- 
structions are efiected. 

Before passing to the consideration of the surgical use of chloroform by 
inhalation of its vapor, we may profitably reriew its uses as an ordinary 
therapeutic agent. 

Previous to the introduction of chloral hydrate, cidoroform was con- 
siderably employed as a remedy for sleeplessness. Its solution in water 
may be given, as a hypnotic, with great advantage. Hartshome showed 
by his experiments, in 185^, that four cubic centimetres (one drachm) of 
chloroform, administered internally, produce no more effect than thirty or 
thirty-five drops of laudanum. Since the discovery of the hypnotic prop- 
erties of chloml hydrate, tbis use of chloroform has beeu abnost entirely 
abandoned. It has been occasionally administered by hypodermic injec- 
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Uon. From ten to twenty minims may tbua be placed beneath the skin. 
The injection in at first ^^roductive of pain, but thin ia soon succeeded by a 
local auiesthesia and by a feeling of uumbness which may for a number of < 
days affect the nervous territory connected with the site of the injection. 
Swelling, induration, and sometimes the formation of abscess, or even of a. 
sloughing ulcer at the point of injection, ai'e among the disadvantages to 
which this method of administering chloroform is liable. 

Under all ordinary circumatances, therefore, the administration of the 
liquid by the mouth, or by inhalation of its vapor, is to be preferred. The 
effect of the cbiig is thus more rapidly secured. The caustic and astrin- 
gent properties of chloroform occaaiou such a coagulation of the surround- 
ing tissues when the hquid is injected under the skin, that its absorption 
and diffusion throughout the body are very gradually performed. Sleep 
comes on very slowly, but it is continuous, and may persist for several 
hours — in fact, mitil tiie exhaustion of the hypodermic reservoir. 

As a therapeutic agent for the prompt and effectual suppression of the 
symptom pain, chloroform has no superior. In the essential neuralgias it 
is invaluable, and oftentimes absolutely curative ; but in cases where the 
pain is only a symptom of grave organic change, the drug is merely pallia- 
tive. The evanescent character of its effects unfits it (or constant use. 
But in the terrific pain which is caused by parturition or by the paaaoge of 
gall-stones or renal calculi, it is almost the only remedy that can give rehef. 
l>uring the passage of a calculus the pain is often so excruciating that 
OTjiates are powerless to reheve, unleaa given in absolutely poisonous dosea. 
Under the tranquillizing influence of chloroform an ordinary dose of mor- 
phine becomes sufficient without endangering the life of the patieni The 
taat that the cholesteriue which enters so largely into the composition of 
gall-stones is soluble in chloroform, has suggested tu many physicians the 
idea that the pain of hepatic cohc was reheved, and the di^tegration of 
the calculus was effected, by the directly solvent action of the remedy. 
But there is no more reason to beUeve that rehef is thus produced than to 
believe that the agony of childbirtli is abolished by solution of the child's 
head in the cblorotorra that has been inhaled by the parturient female. 
The quantity of the drug that can by any i>oB»ibility reach a gall-stone in the 
cystic duct is too infinite si mally email to exert any solvent power upon the 
obstructing miiss. Eehef is the result of relaxation of the walla of the 
duct It is the consequence of paralysis of the sensory nerves of the part, 
by which the reflex spasm that hinders the progress of the calculus toward 
the intestine is overcome. In the some way, when the dehvery of a woman 
in labor is retarded by spasmodic and consequently ineffectual pains, the 
administration of chloroform soon causes a subsidence of these exagger- 
ated reflex actions, and the pains assume their regularly expulsive char- 
acter. 

Puerperal con%'ulaions may in like manner be arrested by the active 
employment of chloroform. Without undertaking to discuss the nature 
of eclampsia and its relations to supposed renal lesions, it is suflicient to 
know that the symptom convulsion is due to an over-excitable condition of 
the convulsive centres in the upper portion of the medulla oblongata and 
in the protuberance. This inordinate irritability is promptly suljdued by 
chloroform, and the exhaustion of the nervous system which bo often 
proves fatal may thus be obviated. To accomplish this end, the aneesthetia 
must be inhaled not merely during the paroxysm, but in such a manner 
tlutt continuous aiia-sthesia may be maintained. Other remedies, appropri- 
ate to the condition of the patient, must not be neglected, but the con- 
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stant repose of tlie nervous sj-stem must be secured until the exciting 
CBuees of convulBion can be removed. 

The eclamptic convuMons of children are Teiy easily controlled by 
chloroform, Anatie directed attention to the fact that they might be ar- 
rested by the wlministration of alcohol ; but, ivbeu violent and frequently 
repeated, it is usually neceBsary to i-educe the agitation of the patient by 
the use of chloroform. Alcohol may then be adjninistered. Chloral has 
generallj' taken the place of alcohol in such cases at the present time. As a 
rule chlorofonn is very well tolerated by young children. Sir J. Y. Simp- 
son, who first employed chloroform in the treatment of infantile convul- 
eions, administered its vapor to a child only thirteen days old. The result 
was favorable, and the patient tjuickly recovered. To another infant, 
thirty ilays old, he gave, in the course of twenty-four hours, not less than 
three hundred cubic centimetres (about nine ounces) by iuhalation. 

For the relief of convulsions which are the result of epilep^, or hva- 
teria, or metallic poisoning, or disease of the kidneys, chloroform may be 
used as a palliative, but it can in no way be regarded as a cui'ative i^ent. 
The convulsions which sometimes precede and accompany the death-agony 
may thus be treated. 

Chloroform has been recommended for the treatment of chorea. After 
inhalation of its vapor the spasmodic movements of the patient cease for a 
time, and sleep may be thus procured. But the iisual seU-limitation of 
the disease, and the readiness with which its graver symptoms may be 
controlled by the exhibition of alcohol or chloral hydrate, render it luine- ^^ 
cessary to resort to so powerful an agent as cJiloroform, excepting in cer- ^H 
tain rare cases where nulder remedies have failed. ^H 

Labbce records the fact ("Diet. Encyc. des Sci. Mi5d.," i. svi., p. 672), ^^ 
that on November 24, 1847, the very next day after the first inhalation of ^^ 
chloroform in France for the production of surgical ansesthesia, its vajjor 
was administered by Escallier, one of Velpeau's hospital internes, to a pa. 
tient who was suffering with traumatic tetanus. To the great delight of 
all, the t«tanic spasm was at once relieved ; but, unfortunately, the cUseose 
progressed, and the patient finally expired in a convulsive paroxysm. 
Since then, chloroform has been fi'equently employed with variable degrees 
of success in the treatment of this formidable disease. Against the spaa- ^^ 
mo<lic symptoms it is a most potent remedy, but essential changes tn the ^H 
central nervous system remain uninfluenced by its action. It, therefore, ^^ 
sen'es only as a palliative resoiuH;e. In the acut« forms of tetanus it may ^^ 
sometimes be suspected even of working injury to the patient by favoring ^H 
the occurrence of asphyxia during the paroxysms. Its effects are most ^H 
salutary in the subacute and chronic forms of tetanus. It may be given ^^ 
by inhalation, or by suspension in a liquid vehicle. The external applica- ^H 
tion of hquid chloroform is of very httie value in such cases. The intro- ^^ 
duction of chloral hydrate has, however, almost entirely superseded the use 
of chloroform as an autiapasmodic remedy in tetJinus. The more potent 
I ilrug may, therefore, be reser\-ed for those patients who require speedy re- 

lief, or who cannot be made to swallow a solution of chloral ^M 

As a means of overcoming all kinds of accidental or local muscular ^H 
spasms and contractures, chloroform has been used with success. The ^H 
superior safety that attends the employment of other anrosthetic sub- ^1 
Btimces should, however, limit and greatly restrict the number of cases in 
which chloroform may be used for this ptupose. 

Attempts have been made to relieve the sufferings of the victims of 
. hj-drophohi&, but with nothing better than temporary sucoesa. Lailler ^_ 
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(" Diet Encyc des Set Med.," t, xvi,, p. 676) kept & patient for thirty. 
houTH under the iiiflueuce of the aniestlietic, using for this purpoee eome- 
wliere between four hundred and Eve hundred cubic centimetres (twelve 
to sixteen ounces), but without any success beyond a partial abatement of 
the convulsive paroxyatns. 

Chloroform has been suggested as an antidote to strychnia. It, however, 
is not precisely such. The exaltation of the cord may be abated by inha- 
lation of the vapor of the auiesthetic, and the energies of the patient may 
thus be economized during the elimination of the poison. But, if a cer- 
tain limit of magnitude has been passed by the doae of strychnia, the result 
will be fatal in spite of chloroform. The comodslve i^henomena may be 
abolished, but death will follow notwithstanding the reUef thus procured, 
I^bbiie states that frogs which had been poisoned with utrychnia died more 
tjuickly with chloroform than when left to the action of one poison aloue. 
It follows that the emplo^'ment of chloroform in cases of strychnia-poison- 
ing should be undertaken with great caution. 

\Vhooping-cough has been succeeafuUy modified by the action of chloro- 
form. The employment of ether in spasmodic coughs aud in irritable con- 
ditions of the air-possoges had long been practised before the discovery ot 
its special aniesthetic properties ; consequently, the introduction of chloro- 
form was soon followed by its adoption into the voluminous list of remedies 
for whooping-cough. By its inhalation the severity and the frequency of 
the paroxysms are reduced, and the duration of the disease may sometimes 
l>e shortened. It ia said that by carrying its effects to the extent of com- 
plete muscular resolution, the course of the disease may be arrested by a 
sort of artificial crisis. However this may be, chloroform should not be 
used for such & purpose ; sulphuric ether should be prefeiTed for such 
an experiment Uince the establishment of the reputation of chloral hy- 
drate, the use of chloroform iu whooping-cough h^ been almost entii'ely 
abandoned. 

The paroxysms of asthma may, like the paroxysms of all other spasmodic 
diseases, be arrested by chloroform. But, though generally successful at 
the outset of its employment, the respiratory passages soon accommodate 
themselves to its influence, and it ceases to control the disease. As an oc- 
casional resource it may be very highly esteemed, but as a constant remedy 
it cannot be recommended. 

Spasm of the glottis and angina pectoris may sometimes be relieved by 
iohalation of chloroform. But its use in such cases is not without danger. 
If the laryngeal spasm is severe, there is a probability of increasing its in- 
tensity during the first moments of inhalation, thus adding to the dangers 
of asphyxia. On account of this local effect of chloroform, it is safer in 
such a paroxysm to administer the drug by injection into the rectum. " 
time will permit, the administration of chloral hydrate is to be prefen-ed. 

Previous to the introduction of chloral, it was not an unusual thing to 
employ chloroform for the purpose of quieting the maniacal excitement of 
the insane. At the present time it is seldom used for this purpose, unless 
a very speedy effect is desired. The same remark may be appHed to its 
use in the treatment of delirium tremens. Its administration in the form 
of vapor to the victims of chronic olcohohsm is always attended with dan- 
ger. Sudden death has too often followed its use under such circumstances. 
If. for any suflicient reason, it must be employed iu a case of this descrip- 
tion, it should be given internally in the hquid form, rather than by inhala- 
tion. 

Extravagant expectations regarding the efficacy of chloroform in the 
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served to limit ita use. Ita nntiBeptic properties give it rank ■mth alco- 
hol, chloi-ol hydrate, aud carbolic acid, so that ita solutions caimot fail to 
be of service. Laugenbeck is said to have used it instead of tinctui-e of 
iodiiie as an injectloQ for the railical cure of hydrocele. The painful swell- 
ing of orchitis and the suppurative tendencies of inguinal bubo have been 
arrested by continual application of the aniesthetic hquid- An incipient 
paronycliia may be aborted by constant irrigation of the finger with cldoro- 
form for six or seven hours. Its mode of action seems in these respects 
to resemble and exceed that of alcohol. 

The employment of chloroform for the induction of artificial aneesthesia 
by inhalation has already been mentioned. It will now be interesting to 
examine in detail the s}-mptoms which follow its use for this purpose. 

The first impression produced by the inhalation of chloroform vapor is 
a cooling sensation of pungent sweetness in the moutii and fauces. A feel- 
ing of partial sufTocation generally follows the first acts of inspiration of the 
vapor. This is soon succeeded by a general sensation of warmth through- 
out the body. The senses of sight and hearing become partially obscured. 
There is a buz2dng sound in the ears, and the voices of tlie bystanders seem 
to proceed from an increasing distance, while a vaporous fijm clouds the 
field of nsion. Perception of unwonted internal sensations is greatly ex- 
alted ; the beating of the heart, tiie movement of the blood in the larger 
arteries of the head and neck, and the vermicular movements of the intes- 
tines, may all be felt by individuals gifted with a highly sensitive nervous 
temperament. A feelmg of numbness gradually creeps over the &ame. 
The limbs seem as if glued down to the couch upon winch they have been 
placed — a sensation which usually excites on irresistible desire to break 
loose and to get up. A feeling of levitation, as if one were sailing thr&ugh 
space, is not unfrequenUy experienced just before complete loss of con- 
sciousness. If addressed by any one, the patient replies vaguely and in- 
distinctly, showing a diminution of the jKiwers of utterance and articulation. 
Sometimes he passes into a condition of joyous exhilaration, laughing and 
gurgling in the most gleeful manner ; or he may exhibit the opposite mood, 
sobbing and crying, swearing, and complaining bitterly of hia fate. Sen- 
sations of dizziness ore usually experienced. The sense of sight fails 
before the sense of hearing. The intellectual functions become more and 
more restricted and perverted ; various forma of hallucination consequeutiy 
occupy the mind. The face flushes, the conjunctivie become injected, the 
eyes weep tears, the pupils dilate and contract, sluggishly responding to 
the influence of the light. The pulse becomes frequent and full ; the move- 
ments of respiration are accelerated ; and the vai'ious forms of sensibility 
are diminished to n degree that may pei-mit the jiierformance of minor oper- 
ations without any considerable siifTeiing. 

Kappeler, in hia treatise on anfesthetics ("Deutsche Chirurgie," Lief. 20), 
recognizes three different varieties of behavior under the influence of chlo- 
roform. In the first class inhalation proceeds quietly, without any excite- 
ment or muscular disturbance, until the patient is merged in a tranquil 
sleep. This agreeable course is usually exhibited among children or very 
young persons. 

In another class of cases, complete unconsciousness is preceded by symp- 
toms of muscular irritability, or brief tonic cramps affecting individual 
groups of muscles. These phenomena are often associated with irregularity 
of the respiration and with the utterance of various guttutal sounds. 

The third class comprises all those cases in which onfesthesia is preceded 
b; great muscular commotion, wild delirium, and a condition of general 
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excitement. This manifesta itself by convulBive movements of the extremi- 
ties, contraction of the facial muscles, ami the nppeamnce of trismus or 
even of cataleptic phenomena, so that the limbs may for a cousiilemble time 
retain the position in which they have been placed These convulai-ve moro- 
ments extend from one group of musclea to another ; the patient hrandiabea 
his legs and anna in the air ; gets up on his couch ; bends backward as if 
suffering an Attack of opisthotonus, and con scarcely breathe because of a 
tonic persistence of the chests-walls in the position of expiration. Similar 
compression of the al>domiDal contents may, at the same time, expel the 
contents of the bladder and rectum. Sometimes the degree of excitement 
arrires at such a pitch that the patient leaps like a madman from the table, 
ami clears a space for himself with his fiats and his feet. Other patients 
exhibit a minor degree of excitement, pushing away their attendants and 
striving to free themselves from the inhaling apparatus. Others cling con- 
vulsively to the bed-clothes, or to the hand of an attendant Along with 
these muscular disturbances are manifested the evidences of cerebral excite- 
ment and disorder. The patient laughs, screams, cries, or groaoa, in a 
more or less inarticulate manner. Hi a mind is occupied with his disease, 
or with the impending operation, or it may wander away from its present 
surroundings. Sometimes an ugly temper, released from all restraint, poura 
forth a torrent of abuse upon the surgeon and upon his attendants, and the 
hurricane of yells and screams rises higher, and rages more furiously until 
the advent of amesthesia once more brings back a period of calm. This 
generally concludes the exhibition, but in certain cases the period of awak- 
ening is occupied by a similar outbreak. In Germany, we are told that 
sometimes the patient occupies the earher portion of inhalation with a lach- 
rymose narrative of the sudden death imder chloroform of some acquaint- 
ance, and finally sinks to sleep with the ejaculation, "That's juat my luck 
too." In countries where the milder aniesthetics are employed, the remarks 
of the patient are generally uttered in a more cheerful strain, and may even 
rise to the harmony of a song wliich can be continued without interruption 
by any conscious perception of the pain of an operation. Long prayers, or 
attempts at a foreign limguage, may sometimes occur to diversify the scene. 
Kappeler has rarely obsen'ed n complete dissociation between the mental 
operations of the patient and his immediate surroundings and condition. 

Perfect tranquiUity in these cases is reached at a rather later period tlifiri 
in the other two classes of individuals. But at length the contracted mus- 
clea are gradually relaxed, the limbs collapse ; finally, even the masseter 
muscles yield, and the jaws fall apart. The countenance loses its rigidity 
and its color ; the contracted pupils no longer respond to the light, nor to 
any kind of irritation of the sensory nerves. The eyeballs move unsymme- 
trically ; the circulation is retarded ; the movements of respiration become 
regular, hut ore not as deep as usual in the natural condition, being often 
scarcely perceptible. Gradually, also, the temperature of the body begins 
to fall. In this stage of the anaesthetic process the severest surgical opera- 
tions can be performed without pain and without any recollection of the 
event after awakening. Emergence from aniesthesia ia usually preceded by 
a sudden dilatation of the pupils, A disposition to sleep ia frequently re- 
marked after this awakening, especially among children, who will again fiall 
asleep after the conclusion of the operation. Women, and other patients 
who are delicately organized, often begin to sob and to weep as they awaken. 
In many instances the patient experiences headache, dizziness, uneasiness, 
nausea, and vomiting, during this period. Recovery is generally very prompt, 
but occasionally these disagreeable phenomena may continue for many 
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hours. SometiDies the recOTerj of consciousnesa ie succeeded by a t 
of diaturbances of locomotioB and of cerebral fuuction similar to the o 
quences of alcoholic excess. 

Kappeler records tlie Btntemeat {loc. cit.) that the majority of Burgeons 
undergo to divide the amBsthetic process into four stages or periods : 
lat, the period of escitemeiit ; 2d, the period of sleep or toleration of pain ; 
3d, the period of muscular ptu^ysis or collajtse ; 4th, the period of awaken- 
ing. NuBsbaum makes three stages : 1st, voluntary activity ; 2d, esalta- 
tiou of functions, and 'Sd, insensibility. Sausom (" Chlorofonu t its Action 
and Administratiou," p. 57) also divides the process into three stages: 
'■First, perversion of consciousnesa ; second, abolition of consciousness ; 
third, muscular relaxation. The only diificultv is in the division of the 
first stage from the second. I have said that the sign afforded by touching- 
the eyeball is fallacious. My own opinion is that the muscular tremor i» 
the best sign. Just after it has subsided thera is complete iusensibihty." 

Kappeler recognizes only two stages : a stage during which consciousness- 
persists, and a stage in which consciousness is abolished. The first of the 
periods is characterized by aberrations of special sense, intellectual disturb- 
ances ; diminution of general eeusibiUty and of the susceptibihty to painful 
impreasious ; dilatation of the pupUs ; acceleration of the heart ; and irregu- 
larity of tlie resi)iratory movement. The second stage is frequently, though 
not always, introduced by the occurrence of dehrium and by an agitation of 
the voluntary muscles, which may vary from a shght shivering or tension 
of single muscles or muscular groups to the severest tonic and clonic con- 
vulsions invading almost every muscle in the body, and accompanied by 
continued dilatation of the pupils, anicsthesia, persistent relies irritabihty, 
acceleration of the action of the heart, with irregular and generally acceler- 
ated movements of respiration. These phenomena are succeeded, or some- 
times superseded, by muscular relaxation ; diminution of reflex irritabihty, 
attended by progresBi\'e contraction of the pupils ; with final loss of reflei 
power, marked by contracted and immovable pupils, irregular movementa 
of the eyeballs, retardation of the circulation and reaplration, and depres- 
sion of the temperature of the body. Skilful administration of chloroform 
consists chiefly in retaining the patient iji the coudition characterized by 
these symptoms, and in quickly bringing him back to it from every excur- 
sion into that dangerous stage of thiol paralysis of the nen'ous centres that 
miuutoin the functions of circulation and respiration— a paralysis which is 
ushered in by a wide diktation of the pupils of the eyes. 

The effect of chlorofona upon the circulator}' apparatus is best illns- 
traterl by the tracings of the sphygmograph. By the aid of this iustru- 
luent, the smallest variations of arterial pressure and rate of pulsation 
are immediately noted by the eye. The changes, which may be recog- 
nized by ordinary methods, consist during the early stages of aniL-stbeBi& 
in on increase of the rapidity and a decrease of the force with which tlie 
heart performs its functions. The pulse ordinaiily executes from ten h> 
twenty beats per minute more than before the commencement of disturb- 
ance. It is not often that the degree of acceleration reaches thu-ty or forty 
beats, or fells below ten beats per minute. When the stage of muscular 
relaxation has been attained, the frequence of the pulse ree«de8, and often 
falls below the rate which preceded the commencement of inhalation. The 
changes that are effected iu the quality of the pulse are exhibited by the 
following tracings. 

ExpERUiEarr I, — A full-grown rat, weighing 130 grammes (four ounces). 
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Animal secured Upon a board. After quiet had been csfAblished, the sphyg< 

niograjiU wus apjilied to tlie wall of tbe chest, immedintely over the lieart. 

No. 1. ^Normal movement of the heart. 

No. 2. — After irilialatioQ of five drops of chloroform. 

No. 3.— After ten drops. 

No. i. — Fifteen drops have beeu inhaled. Complete ansestheaia. 

Experiment H^A full-grown rat, weighing 130 gmnuneB (four ounces), 
treated in like mauner with the first. 

No. 1.— Before inhaktion. Animal frightened and struggling. 

So, 2. — Animal quiet. Inhalation not yet commenced. 
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No. 3.^Same condition. 



No. 4, — Aft*r inhalntion of ten 
moTementa w^^ll marked. 



of chloroform. Beapiratory 
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No. 5.— Three minutes Inter. No more chloroform aiace the last tra- 
cing. Death immediately after this tracing. Suspension by the tail, ad- 
mimstration of amyl nitrite and of ammonium hydrate were essayed with- 
out succesa The thorax wae then opened, and the lunge were seen to be 
congested. The heart was contracting feebly, and by t£e aid of artificial 
respiration it continued to pulsate for twenty-three minutes longer. On 
opening the heart, its four cavities contained black clotted blood. The kid- 
neys were intensely congested. 



r DX — A kitten, two-thirds grown, was made to inhale sul- 
phuric ether until insensible. The common carotid artery was then ex- 
posed in the neck, and the sphygmograph was applied to the vessel with 
the following result ; 
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The animal was then allowed to become conscious, when ten minims of 
chloroform were given by inhalation, producing partial insenBibihty, and 
the following effect upon the circulation : 
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Tea tninifiig more were theii admmisterec] ; ^^B 

tLiB produced complete amvatlieaia, with tbe following pulse : 

The aDimnt now passed suddenly into a state of syncope, from which 
it was with difficulty resuscitated, and the experiment was discontinued. 

ExPERiMEST IV. — A medium-sized dog was placed under the influeno» 

of ehlorofiimi, Aujnist G. 1880. The carotid ailery vm exposed in tha 
neck, and the subjoined sphygmogram was obtained during comple^ 
auiL'sthesia : 

No. 1. — This tracing exhibits the sluggiiih commencement of coutrnctioo 
of the arterial walls, and the abolition of the secondarj' elevationa of pre^ 
sure during the period of contraction. The influence of the vnso-niotOT 
nen-ous system is greatly reduced. Tlie ndminifitration of chloroloru 
hai-ing been discontinued, the nest tracing wa.'i taken : 

No. 2. — Anaisthesia passing offi Pulae-cun'ea resuming their normal 
contour. 

No. 3, — Still improving. 
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No. i. — Aiiimul (|mU) couBcious, Value nearlj Eatm-al. 

Chloroform vapor wae now adminiatered in as concentrated a form as 
poeaibte, for the purpose of killing the animal. The following effect upon 
the circulation was immediately manifested — probably due in great measure 
to reflex action through the medium of the trigeminal and pnemnogastrio 
nerves, as well as to an immediate action upon the heart itself: 

No. 5. ^Coidiac parfsiw. 

No. 6. — Snoring. 

No. 7. — One minute later. Snoring, 

No. 8, — One minute later. Keapiration becoming irregular. 

Ho. 9. — Circulation improving. Chloroform increased. 
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No. 10.— One minute htor. 

No. 11. — One minute lutiT. 

No. 12. — One minute laUti. Great muscular relaxation. 

No. 13.— One minute later. Syncope. 

No, 14.— One minutfi Inter. 

No. 15, — One minut« later. 

No. 16.~-noflpirnHonimperceptihle. Deftth followed immediately nfl^^H 
I ibe completion oi tiaa tracing. It vrould ^KJbo^iV^^iKVft wxnxrt«>i «»^3sx,^^H 
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tbe administrfttioD of the ann^atbetiu vapor had aot been necQasartlj re- 
laxed a little diiring tlie inscriptioii of each tracing. 

OhaervQliona upon the human subject. — As a standard of oompanBon, tbe 
follo\riiig tracing was taken from a mau in perfect health, whose pulse had 
not been disturbed bv emotion or by anj' material agent 



The instrument with which the tracing was made ia one of Pond's i 
proved Bphjgmographs, 



With tbe above may be contrasted tbe foUowing : 

A. B., male, aged twenty-three years, amemic. sufiering with iritis, for 
which an iridectomy was proposed. Nervous and apprehensive, pulse feeble. 
Chloroform administered July 6, 1880. 



No. 1. — ^Immeihately before inhalation. 



No. 2. — Commencement of inhalation. 



No. 3. — One mimite liter. 
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No i. — One miniite Inter. Operation began. 
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No, 7. — Patient remains perfectly motionlesjB. 

Ko. y.^l'aticnt begins to move. 

No. 9. — Signs of returning sensitiility appear. 

No. 10. — Renewed lul ministration of chloroform becomes necessary 

No. ll.^Iulialation in progress. 

No. 12. — Patient again insensible. Pulse ftcoelerated. 

No. 13. — InliaJation suspended. Operation resumed. 
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No. 14. — Complete anif.'stlitsiit 



No. 15. — Htill insenBible. 
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No. 16. — Operation completeil. Consciouaness retunung. 



No, 17. — Twenty-four hours aft«r the operation. Patient fully reoov- 
|ered from the effects of the chloroform. 



It waa obeerved by the London Chloroform Committee that when the 
luematodynamometer was niljusted to the femoiiil art«ry of an animal, there 
was a notable elevation of the column of mercury for nearly, if not quite a 
minute. This took place without reference to the condition of respiration, 
whether stormy or quiet But very soon, as the ana.'9thetic effect of the 
chloroform bep^an to appear, the mercury began to sink. The rate and 
the degree of its subsidence were directly proportioned to the l■at<^ and ta 
the degree of the arijesthetic process. If inhalation was suspeniled, the 
mercury rose in its tube, and sank again when the inhalation was resumed. 

In the eimiliu- esperiments of Scheinesson upon cats and do^rs, no ini- 
tial increase of blood-pressure was remarked. The intra-arteriol pressure 
fell to about twenty-seven to thirty-eight per cent, of the amount before 
inhalation waa commenced. These obsen'ations indicate either a paresis 
of the voso-motor nerves, or a decrease of cardiac energy, or a combiua- 
Uon of both conditiona Obsen'ation of the dilatation of the blood-vessels 
of the ear, in animals under the influence of chloroform, led Scheineeson to 
believe that its effect upon the voso-motor nervous system is very similar 
to the effect of section of the cervical sympathetic nerves. Since, however, 
the degree of vascular injection is proportioned to the degree of auicsthe- 
sia, and since on irritation of the upper extremity of the divided symi 
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» xtwrt vill produce a prompt constriction of the dLLit«d auricular | 
I ^-ttin'riii eten <luiu>g complete aniL'stliesia, be concluded tliat the paralyz- 
iBK tSect of chloroform is, «> far as the vaHcular innervation is concerned, 
cjUeflr conceutmtetl upon the vueo-motor centre in the medulla oblongata. 
Thia concliisioo receivoH lulditioual confirmation from the fact that a dila- 
taliou of fthcr tuuidl artt'riua may be observed in other parts of the body. 
Siinsoiu and Hai'lej" rwniuked a coutractioii of the vessels at the commeuce- 
nimit of iiihHJaUoii, and tliis wns succeeded by their general relaxation, es- 
IMMually if chlvrnttonn won given in the form of a higUy concentrated vapor. 
Additinaa) \mn>t of tho ;uirti<u])atioQ of the vaso-motor centre in the effect 
ol <4Kw*>W *" f"rni»hwl by an observation of Koch. He found that I 
wtMtt * uvMUMuiplar luul been adjusted to one of the large arteries of an | 
mhmmI whii.'Jt WM profoundly under the influence of chloroform, if the epi- 
nh\ %\*\i xnvt dividwl in the neck, the blood-preasure was diminished by 
,wl\ .«"> Mvtli !•*■ iiiui-uifthth port^— a result inconsistent with the hypothe- 
M> >J >s'*il>»>l iiiiiiiLiiiity from the action of the ana;sthetic. Other eiperi- 
fiM«H )wJ^^•l'lIl<«l by Itowditch and llliuot, and by ii^cheinesson himself, oil 
tM«v^ ht iMitliviii lliu tsanie result, 

li'Vk4t Ul« lu^tion of the heart, chloroform exercises a decidedly depreaa- 
fM «Rlh>l. 'i'hu velocity of the blood-current is < 
AMk«V\ilU|| 1*1 Leuz, this diminution amounts to o 

'^"W i*"l'irntory function exhibits a greater degree of variable and ir- ] 
^vititi' dUlurliiiiicn than any other series of vital phenomena under the 
^_f(^MltH> lit I'hlnroform. The movements of respiration are genei'ally in- 
Vit^artl III nuiijlHir at the commencement of inhalation, and may become 
f^. v^ktlitr. Ji*rl(V. lUid uighiug. Sometimes they become exceedingly re- 
f^i^ttml and almost imperceptible. An extreme rigidity of the abdominal 
^H*^o* '■>'^y limit the excursions of the diaphragm. The act of inapira- 
^ii/i luivy 1x1 khorteQed while the act of expiration is prolonged ; and then 
^(> lUKportion may be completely reversed. All the symptoms of latyn- 
u«uaI ■tuiiiiMiit, witlt inapimtory depression of the infra-claviculnr spaces and 
V4 ikitt iiiftirior ]>ortion of the tltorax, may be sometimes observed. Com- 

t|l> HiTWMt of respiration may take place at any time during the course of 
MlKtiiui, but is more likely to happen at an early period. Occasionally 

Hliil tliia ia almost exclusively observed among youthful individuals — no 
JbiliU'baiioe of the respu'atiou is obsened, and the patient eiuka into a 
uitiuli iiliiop, in which he breathes rather more slowly thou during ustund 
klillidMir. Generally tlie period of complete amcsthesia is marked by 
lti>htyi Niioruig respiratiou, occasioned by insensibility of the air-passages, 
\^ji II jHiretio contfition of the palatal muscles, and by accumtilation of 
HXldiis iu the faucea, A dispoeitiou to cough is often noticed at the com- 
lk«iiili<niiif<iit of inhalation, and it may persist to the extent of considerable 
IKturferciice with tlie aniesthetic process. 

Auoonli»ti to the report of the Committee of the Medical and Chirur- 
uitul Hoaiely, it appears that, under the influence of chloroform, "the 
iioiitli of tlio roapinkttou became less and less, and aft«r the stage of per- 
hml iiiHonMibility was reached, the amount of air entering the chest was ex- 
iiHiuHiigly small." Tlie same re{>art etatea that if animals are made to 
tidmlo B 4(1 per cent, vapor of chloroform, the pulse ceases in eighty aec- 
I'hda, and the rt'spinttiou stops afler one hundred and five seconds, though 
Hid hniu't contiimes to beat from thi-ee to five minutes longer. If the cod- 
•iiiiiti'id.od vajHtr isoonveyed to the luu^ through an opening in the trachea 
liiittimd (if truraraing tha mouth and uoae, the heart will be arrested bafige 
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the reapiration. This result ftgree§ with what is observed when chlorofonn 
is injected into the jugular Tein — immetliate paralysis of the heart If the 
chloroform vapor be largely diluted with air, it makes very little differ- 
ence how the aniesthetio may enter the lungs ; respiration will generally 
cease before the stoppage of the heart, and the putse also disappears before 
the heart is arreated. Respiration is frequently checked for a brief period 
by the inepiratiou of a highly concentrated vapor, and then is again re- 
Bumed as the proportion of chtoroform in the air Binke to the proper staii' 
dard, below 6 per cent. An increased rat« of respiration at the com- 
mencement of inhalation under these different conditions is followed by a 
gradually diminishing rate. With dilute vapor the respiration may fell to 
nothing, and then, aft«r twenty seconds or longer, it may be renewed, to 
be again arrested by each new reinforcement of the vapor. 

Division of the pneumogaatric nerves during inhalation of chloroform 
produces very httle effect upon the movements of respiration. The beat- 
ing of the heart, though somewhat accelerated, is not so rapid as when the 
operation is performed without chloroform. If performed before the ad- 
ministration of tlie aneesthetic, the aubseijuent respiration during anies- 
thesia is less frequent and less difficult, so that all the consequences of the 
nerve-eection are rendered much mora tolerable. (Kappeler : " Ames- 
thetica," p. 55.} 

The principal changes in the state of the pupils during inhalation of 
chloroform consist, first, in a retardation of the reactions of the iriR under 
the influence of hght The iris then becomes almost LDsensiblo to light, 
and finally, with the advent of amestheaia, the pupils gradually assume the 
appearance characteristic of myoais. The reflex dilatation of the pupils, 
wUch follows any impression upon a sensitive nerve during the persistence 
of consciousness, may be remarked in the earher stages of inhdatiou, but 
it disappears with the progress of anfeathesia. 

The cause of the above specified changes in tlie state of the pupils, must 
be referred to the relations of the iris to the double set of nerves which it 
receives. By the action of the oculo-motor nerve-filaments the pupil ia 
contracted, while, on the contrary, it is dilated by the intervention of the 
sympathetic nerve. Whenever on impression is made upon a sensitive 
nerve, as Bernard and Schiff remarked long ago, the centripetal impulse is 
reflected over the cervical sympathetic to the eye, and the pupil ia dilated. 
When a psychical impression in like manner is made upon the cortex of the 
brain, the impulse thus received is propagated to the medulla, and paaseH 
over the sympathetic filaments that are connected with the cord, until the 
iris ia reachetL The pupil then dilatea. Bachlmann and Witkowsky (Kap- 

gler : " Amusthetica," p. 60) have employed these facts to construct a 
eoty of the changes noted in the condition of the pupil while under the 
influence of chloroform. The dilatation ordinarily apparent during the 
early stage of inhalation, is due either to the influence of irritatiou of the 
sensitive nerves in the naso-laryngeol paasages, or to emotional disturbances 
of the brain, which leave the central axis and reach the pupil through the 
sympathetic channel With the suppression of the functions of the brain, 
due to the arrest of sensation as inhalation progresses, the sympathetic 
nervea no longer receive those impulaea which provoke pupillary expansion, 
and the influence of the oculo-motor nerves acts without opposition. The 
pupil thus becomea contracted, just as it does in natural sleep. The dila- 
latioti that occurs just before complete awakening is due to the resumption 
of sensation, and the renewed influx of sensory impressions, extending even 
to the iris. The dilatation that is observed when death is imminent under 
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chloroform, is caused by tlie arrest of oculo-motor influence, leaving tJie 
iria to the imcoiuiteracted impresaion stiU received, through the medium of 
the sympathetic Derves, ffom the medulla oblongata. 

The same explanation will apply to the dilatation of the pupils which 
BceompanieB muscular disturbances during the period of inhalation. Eough 
handling and violent exertion on the poi-t of the patient are accompanied 
by those aenaory and psychical irritations which react npon the iris. Nau- 
Bea and vomiting may also be included among the causes of pupillary dila- 
tation duiing anii^sthesia. 

At the commencement of anfcsthesla the eyeballs are generally directed 
upward, so that the pupila are concealed behind the upper lids, and eshibit 
a slight divergence, such aa maybe obserred in natund sleep. Oscillations 
like those obaerved in myatagmua ai-e sometimes remarked. After the com- 
plete evolution of ameathesia, during the condition of profound insensibility, 
the axis of the eye commonly re-enters the horizontal plane. Merder and 
Warner have called attention (Kappeler) to the fact, that during this period 
it may be sometimes observed that while one eyeball is directed sb^ght 
forward and reraaina stationar}', the other movea slowly inward, upwimi, 
or outward. Sometimes the two eyeballs move in difl'erent diz'ections, or 
with unequal pace in the same direction. These phenomena all point toward 
the loss of co-ordinative power in the region of the corpora quadrigemina. 

The careful experiments of Scheinesson, Kirensprung, Mendel, and 
others, indicate that the diminution of temperature which accompanies and 
follows the inhalation of chloroform, is caused by a diminished production. 
of heat within the tissues, owiug to the retardation of tissue-change in tha 
presence of chloroform- 

The fall of temperature in the human subject under chloroform has 
been veiy carefully observed by Kappeler, who has registered the tempera- 
ture of thirty patients, with the thermometer iu the rectum. Cai'e waa 
taken to retwn the individual in the same position, and unruly cases were 
excluded, together with all cases in which a considerable loss of blood might 
vitiate the result The operations were performed between the hours of 
eleven and twelve in the morning. A Lght breakfast of coffee and milk, or 
of broth and egg, was allowed tlu-ee or four hours before inhalation, so that 
the stomach waa nearly, if not quite empty at the time of observation. No 
diminution of temperature was indicated by the mercurial column until a 
considemble time after the commencement of inhalation, " ten minutea ia 
four cases, lifteento nineteen minutea In eleven cases, twenty to twenty-four 
minutes in eight cases, twenty-five to thirty minutes in five cases, once after 
thirty minutes, and once alter sixty minutes. In the great majority of 
cases the lowest temperatures followed the latest commencements of subsi- 
dence, and the time of the greatest depression did not correspond to the 
highest grade of amesthesia. On the contrary, the minimum temperature 
was usually noted long after the cessation of the phenomena of the omee- 
thetic state. The depression of temperature, however, goes hand in hand 
with the other effects of chloroform to such a degree, that ordinarily a con- 
dition of profound narcosis predicates a greater diminution of temperatura 
than may be expected after a lesser grade of ansesthesia. Like all other 
effects of chloroform, so also varies the depression of temperature. But aa 
this subaidence requires for ita complete evolution a longer time than any 
other aymptom, so also the equalization of tbis disturbance demands a cor- 
respondirfgly long period, which, according to my observations, varies be- 
tween twenty minutes and five houra, seldom occupying less than one hour." 
(Kappeler: " Anteathetica," p. 37.) 
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Occasionally {in five cases) during the initial stage of excitement, there 
was a slight elevation of temperature — amounting in four instances to about 
0.2^, and in one to about 0.3". This was soon followed by a fall of tem- 
perature, which varied between 0.2^ and 1.1° with an average of 0.5!)'. 
Previoua elevatioa of the temperature by fevef did not prevent the manifes- 
tation of this effect of chloroform. 

Vomiting is the principal eWdence of gastric disturbance that may oc- 
cur during the action of chloroform. It may happen at any stage of 
auitsthesia. The exact method of its causation is not clearly understood, 
but it is doubtless connected with the effect of the anaesthetic upon the 
medulla oblongata, perhaps in a manner analogous to the way in which 
antrathetic substances sometimes produce convulsions. Kappeler noted in 
11 per cent of two himdi'ed cases, specially observed for this symptom, 
Tomiting during amesthesia, and in 4 per cent after recovery from iu- 
sensibility. Ridgen (Laiuxt, p. G20, October 31, 1874) observed nausea 
and vomiting in 32.86 per cent, of five hundred and sixty-nine patients. 

The secretion of mucus and of saliva is not exaggerated to the degree 
which is reached during the inhalation of ether. It is dependent upon the 
local action of chloroform vapor, and does not appear when the vapor is 
introduced thruugh a canula into the trachea. In the same way the in- 
creased secretion of tears may be referred to a local irritatiou. 

The passage of chloroform into the milk that is secreted in the breast 
has been inferred, rather than proved, by observation of children whc 
suckled after inhalation by their mothers. In hke manner the auicsthetic 
is supposed to pass from the maternal blood into the circulation of the 
foetus. 

Nadler examined the urine of twen^-five of Kappeler 's patients after 
inhalation of chloroform, without discovering any trace of bile-pigment in 
a single instance. By the same analyst was ascertained the diminished 
production of urea in the majority of cases after inhalation of chloroform. 
The results are exhibited as follows: 
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According to Zuelzer the quantity of phosphoric acid is increased rela- 
tively to the nitrogen in the urine voided after chloroform. 

Kappeler withdrew the urine from twenty patients immediately after 
cbloroformic aueestheeia, but only once did he discover a trace of albumen, 
or of a reduction of the cupric oxide solution. 
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Th« first victim of chloroform was a beautifal young girl, just fifteen 
ycftnt old, in the English village of Wincanton. Her ^d fate is thus re- 
curiled : 

1. Hannah Greener, fift«en j-eors ; had long suffered with au ingrowth 
of the great toe-iiiiils. For the removal of the right toe-nail she batl 
undorgooa an <>]H>ration while under the influence of ether. The vapor of 
thin Huhstan^'e had cnuseil such severe headache, and so much irritation of 
the throiLt, tlint she was unwilling to inhale it again. Her surgeon, there- 
fore. iiruniiHi^d to make use of the new aniesthetic, chloroform, when the 
left tiie-iiail Hbould he removed, confidently asserting that she would thus 
avoid all the disagreeahle efiects of ether. She was not, however, at all 
Oiiouiirageil l>,v such assurances. Bathed in a flood of tears, slie was 
Iirought int«i tlie iiresence of the surgeon on the appointed day, Janu- 
ary 'iH, IB-tB, crying and declaring that she would prefer to die rather 
lliaii Mtitiinit to the oiwration. The chair upon which she sat was shakea 
liy hnr sobbing: but the surgeon cheerfully poured a drachm of chloro- 
form ii]H>n a handkerchief, and held it before her face. Two inspira- 
tloHM, and she pushed away the handkerchief; but presently placed her 
hands in her lap in obedience to the instructions of the operator. After 
hlUf a minute of quiet inhalation in this position, the muscles of the arm 
bncnmo rigid and resistant when the surgeon attempted to raise her hand. 
Thinking that auiesthesia must now be sulSciently advanced, an incision 
wiiH ijuioitly made around the root of the nail, when the patient moved as 
If about to start from the chair. A httle more chloroform was, therefore, 
Mpriukled upon the handkerchief, when her foce and lips grew jmle, 
foftiu issued horn her mouth, and her eyes remained open and storing. 
Cold water doBhed upon her face did no good. A Uttle brandy poured in- 
to her mouth seemed to be swallowed, but with difficulty. They laid her 
upon the floor, and opened a vein, lir^t in the arm, then the jugular itself, 
but without result^ — the blood would not flow. In less than a minute she 
hikl ceased to breathe— she was dead. An autopsy was mode with curious 
(Hire, twenty-seven hours aft«r death : its results were negative. The brain, 
lungs, liver, kidneys, and spleen were engorged with dark and fluid blood ; 
the stomach was full of food ; the heart and large vessels were healthy ; 
dark blood, without clots, was found in all the ca\-ities of the hesit, 
i-upwiiillv upon its right aide. — Snow, p. 123 ; Am. Jour. Med. &t., p. 558, 
April, IHIS. 

2. Female,thirty-fiveyearB,married,motherof sixchildren; generallyin 
good health. Tooth extraction, Februarj- 23, 1848. Shortly after diimer 
Mho repaired to the office of her dentist, where she inhaled chloroform from 
a sponge in a glass globe. After a few inspirations her fiice became pale ; 
at the end of a minute four oW roots were removed, during which opera- 
tion the patient groaned, but gave no otiier sign of sensibility. About two 
minutes after tlie commencement of inhalation, her head turned on one 
aide, her arms stiflened, her head was drawn a htUe backward, and she 
■eemed about to slip out of the chair. Just then her pulse grew weak, and 
nlmoat immediately it ceased to beat ; respiration stopped at about the 
same time. The ixdeness of her coimtenance was succeeded by a livid 
Imo ; the lower jtiw fell ; tlie tongue was slightly protruded ; her arms sank 
bj bar l ide— she was dead. Ammonia, cold water, and brandy were tried 
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Trithout effect. Half an liour later a physician arrivetl witli an electxical 
machine, but neither this nor artificial respiration did any good. A utopsy, 
twenty-six hours after death.— Brain liealthy, its membraoe filled with 
blood ; lungs healthy, but hypenumic ; six ouuces of Bauguinoleut serum 
in the pericardium ; heart flaccid aud empty ; the stomach contained 
about a pint of partly digestei:! food, ami, like the intestines, was distended 
with gas ; liver pale ; kidneys engorp[ed wth blood ; all tlie other viscera 
were uormiU ; blood everywhere fluid and dark, its corpuscles irregular 
in shape and more distended than usual ; the sympathetic nerve was 
healthy. — Wculeni Lancet, Cincinnati, March, 1848; Am. Jour. Med. Sci., 
April. "1848. 

3. Male. March, 1848. Fistula in ano. Had previously inhaled 
chloroform without accident. Thirty drops of chloroform were given, 
when the patient was placed on his side for the operation. He 
seemed to esiierience pain, puttiup his hand ujwn the pai-t About one 
minute after the commeucemtnt of inhalation the pulse ceased, Autoj)&i/. 
— Brain and membranes healthy ; heart dilated, pale, and soft ; two or 
three ounces of fluid in the pericardium ; lun^s filled with tubercles, and 
exhibiting cavities on both sides ; plem:a' everywhere adherent ; stomach, 
Boftening of the mucous membrane, and tui'gesceuce of its veins. — John C. 
Warren, Boston : Snow, p. 130. 

4. Female, adult, Hyderabad, India. Disease of the distal phalanx of 
the middle finger, requiring amputation. A drachm of chloroform was 
given on a handkerchief. She coughed a little, aud gave a few convulsive 
movements. When these subsided, the amputation was performed. It 
was then found that the patient was dead. Artificial resjiiration was con- 
tinued for five hours, but she never breathed again. — -liii. Jour. Jtled. Set., 
October, 1848, p. 505 ; Snow, p. 135. 

5. Male, nineteen years, druggist's apprentice. Inhaled cMoroform Feb- 
ruary 8, 1848, as he had been frequently accustomed to do, for pleasure, aud 
was found dead in the shop, leaning over the counter with several folds of 
cloth apphed to his nostrils, A short time previously he had been observed 
weighing out chloroform for a customer, and holding his handkerchief to 
his mouth. — London Med. Oaz., February 26, 1848 ; Am. Jour. Med. Set., 
p. fi(iO, April, 1848. 

6. Male, twenty-two years. Scrofulous disease of the left hand, requiring 
cauterization. Chlorofoi-ai was given with an inhaler. Inhalation con- 
tinued five minutes, and the patient died at ihe commencement of the 
operation. — Hitel-Dieu, Lyons; Perrin et Lallemaud: "Ti'oitc- d'Amt-s- 
thtsie," p. 25G. 

7. A young man, recently returned to England from Australia, was 
chlorofonned for an operation on his great toe. December, 1848. Death 
occuiTed almost instantaneously after the commencement of inhalation. — 
Snow, p. 13f). 

8. A young woman. Amputation of the left middle finger. One draclim 
of chloroform was given on a handkerchief. The patient coughed, and 
made several convulsive movements. The finger was quickly i-emoved, 
wheu it was noticed that blood did not Sow from the wound. Tlie woman 
was dead, and could not be rerived, though [U-titicial respiration was moin- 
taiuetl for five hours. — Snow, p. 13S. 

9. Male, twenty-three years, generally in good health, though often 
complaining of palpitation of Uie heart. Tooth extraction, Jmie 30, 1848. 
Inh^ed chloroform for one minute, when he spoke, saying it was not enough. 
The dentist then left him for three-tiuartei-s of a minute, searching for the 



I 



J 




AKnnCUt. AJTifSTHZBU ABU 



Ob retnrmng, he foaad his , 

who KUenptod Kl-nr^infc bnt'eoold oo^ 
^Njon&il of Made Uood. Ajti6dai wtKfintkm mi athtr 
CHKjred (or half an hum witfaoat ■«««—. JitftfMy, 
^ath.— Membmtca of the Ixain ' "* 
wnd. to the vpara twtweea Iha 




«cwhed I 
flithe KM 





9 mptTLot the left Tenttide Rfdamd Ae i 
stance ot the Tcntricnlar waDa «aB acneeir o 
it should haT» been fire or aiz finca. Tba nlres of the heart vosd 
— «Qow, p 201 ; Jm. Jovr. Med. Sci., October, 181S. 

10. Female^ tidr^ T^sn, in fidr beahh, but had BoAred m& ■_. 

palpitation of ttie bMit a few months prvnooslj. An iBJviT to Iter ttoi^ 
bad caoaed an abecees, which did not heaL Incisioa of its tnick weadi 
necesaary, and she inhaled fifteen or twenty drops ot cUoroC 
handkerchiel After a few insfsrations she cxied out that A» « 
and clntdhed at the handkerchiel Her face grew pal^ i 
labored, and foam appeared upon her lipa lite anaith 
and the surgeon proceeded to lay open the sinos, at tfaa 1 
appeared a aUver of wood that had been forced into tiie Saab at t 
of the original accident. Thia done, it was erident that the r'**itmt was ib 
a most alamting condition. Ererr effort was employed to restoee her, bat 
in Tain. Aulojjgij, twenty-seven houra after deatli. — Btain bealtkjr, its 
Tessels containint;^ blood and air ; limga filled with air and Uood ; right 
lung adherent to the cortical plettra. and crowded upward by an enlarged 
lirer ; heart remarkably flaccid and enlarged, its cavities empty, a little 
blooijy foam in the auricular orifice of the ascending rena cara, the pul- 
uiouary veins contained blood and air, right ventricle dilated, thin, and 
pale, left ventricle contracted, muscular substance of the heart easily tmn ; 
incision of the Uver permitted the escape of black fluid, and aerated blood : 
the stomach contained half digested food, and greet quantities of lixiid 
gaa The length of time after death detracts from the value of this exam^ 
iuation. — Am. Jour. 3£td. S.-i., October, 1848; Perrin : '-Traite d'Aniea- 
thesie,"p. 257, 

11. Male, twenty-fouryears, lymphatic and corpulent Gunshot fracture 
of the femur. Amputation at the hip-joint Chloroform was inhaled 
through the mouth — the noee being held by an assistant — from a flask 
containing a cloth saturated with the aua;8tbetic, and provided with a 
iice-piece. After three or four minutes the usual flotation was observed, 
and this was followed by complete muscular resolution. The patient 
moved during the operation, and a httle more chloroform was adminis- 
tered, but in about fifteen seconds the breathing became stertorons, and 
the amesthetic was removed. The face of the patient had now become pale, 
the lips blue, the pupils dilated, and the eyeballs tutned upward. The pulse 
could no longer be felt, and the respiration was sighing and infrequenL 
The operation was discontinued ; artificial respiration, etc., were vigorously 
employed for three-quarters of an hour, but without success, — Hupit^ i 
Beaujon, June 25, 1848 ; Perrin, ibid., p. 261. ■ 

12. Male, thirty-one years, sailor. Chronic diarrhoea and hemorrhold^.fl 
chancres, and phimosis. Had inhaled chloroform, December 26, 1848,^ 
during an examination of the rectum. January 19, 1849, Dr. Gurdon Buck 
proposed an operation for the removal of the hemorrhoids, and also oircnm- 
cision. Chloroform was given on a napkin. Great excitement followed, 
but after a (ew minutes the XJatient bei-ame insensible. The clnth was re- 
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moved, he was placed on his side, and the hemorrhoiila were quicklj excised. 
Just as be was Iieing replaced upon hia back, for circumcision, it was re- 
marked that his face waa livid and the pulse had disappeared. After two 
or three widely separated inspirations, respiration also ceased. Between 
five and ten minutes only had elapsed since the beginning of inhalatioa. 
Aulopsi/, tweuty-four hours after death. — Brain and membranes slightly 
congested ; lungs engorged with blood ; heart large, flaccid, and quite 
empty, left ventricle a little softer than usual ; blood everj-wbere liquid ; no 
congestion of the abdominal viscera. Analysis of the chloroform indicated 
9 per cent. alcohoL — London Med. Oaj.,vol-xli.,p. 255; Perrin, i!<w/., p, 264. 

13. Male, seventeen years ; lymphatic temperament, in fair health. Ne- 
crosia of tlie bones of the right middle finger, requiring amputation, Janu- 
ary 31, 18i9. Chloroform given drop by drop upon a towel Att€r inhal- 
ing for five minutes, the patient Hpoke and seemed to be somewhat agitated. 
About eight grauuueu of chloroform bad then been used. Suddenly the 
patient started up, and endeavored to escape from the attendants ; then 
fell back pulseless. The towel was removed, revealing a livid counte- 
nance. The heart bad stopped, though respiration continued irregularly 
and feebly for half a minute longer. Cutaneous irritation with anunonia 
and mustard produced, after two or three minutes, a partial resumption of 
respiration, but the heart would not move again. Air was blown into tlie 
mouth, but it passed into the stomach, and an insufflation tube was there- 
fore passed into the lai^-us. The actual cautery was appbed to the precor- 
dial, epigastric, and prelaryngeal regions, but without result .-luitjwy, 
sixty-two hours after death. — Heart normal, empty, a fibrinous clot, weigh- 
ing four or five grammes, adhered to the Eustachian valve ; the blood woa 
dork and fluid ; lungs healthy ; brain and other viscera also healthy. — H6tel- 
Dieu, Lyons ; L'Union Medicate, p. G9, 1849 ; Perriu, ibid., p. 205. 

14. Male, thirty-six years, mason. Gangrenous wound of the great toe, 
necessitating amputation, February IT, 1849. Chloroform, on a handker- 
chief. Great excitement, and failure to produce anesthesia. The supply 
of chloroform being exhausted, a delay of two hours occurred, during 
which the patient recovered himself completely. A fresh supply of the on- 
iBsthetio having been obtained, half an ounce was poured uj)on the cloth ; 
which was laid upon Uie face. Excitement continued for three minutes, 
when the patient became insensible and stertorous, with dilated pupils, 
and a puLio of seventy beats. The toe was now amputated, but no blood 
flowed. The respiration grew tardy, the skin became pale and covered with 
cold sweat, the pulse soon ceased. Respiration persisted for a few seconds 
after the disappearance of the pulse, but it stopped entirely within ten min- 
utes after the commencement of inhalation. Pulmonary insufilatdon and 
all other measures failetl to revive the patient. .rliiCo/isi/ negative. About 
an ounce of dark blood in each ventricle. — Laitcut, February 24, 1849 ; 
Perrin, ibid., p. 2G7. 

15. Female, thirty-three years, married ; full of life, but of a very nerv- 
ons temperament ; hod previously been aunistheti^ied for tooth extraction, 
without any impleosant result. For the removal of another tooth, tlie phy- 
Bioian who ndiiuiiistered the au:rathetic for the dentist was reluctant to 
iiKiar its risks, and resolved to produce only partial amcsthesia, hoping thus 
to avoid all danger. Less than a gramme of chloroform was given on a 
handkerchief, held at a distance from the face. Li eight or ten seconds the 
dentist undertook to commence operations, but the patient pushed him 
away, and, approocldng the handkerchief to her nostnlB, drew four or five 
deep and rapid iusjii rations. The physician immediately removed the hand- 
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kerchief, and placed it upon a table near by. Instantly her face became pale. 
Lei" lipe blue, her eyes tiu-iied up, with the pupUs fiightfully dilated, her 
teeth were set firmly together, her head wati (h-awu backward, the pulse 
had vamehed, her timba were i-elased, aud a few inspiratiooa, at long iiiter- 
vals, constituted the only remaining sign of life. Ammonia, frietiou, insuf- 
flation, ortilicial respiration, the actual cautei^- over the precordial region, 
galvanism. Autopsij, thirty-eight hours aft«r death.^ — Engorgement of tlie 
cerebral vessels; bubbles of air mixed with the dark, fiuid blood ; heart 
flaccid, containing black, aerated blood, no dots ; lunge healthy. — Langres, 
France ; UCnion MM., p. 494, 1849 ; Perrin, ibid., p. 2C8. 

16. Male, forty-eight years, intemperate, but usnially in good health. 
Removal of the nail of the left great toe, October 10, 1849. One di-achm 
of chloroform was given on a sponge. For two minutes no appreciable 
efiect, then Bicitement began. Ten drops of chloroform were then poured 
upon the sponge ; this produced lusenBibihty. The sponge was laid aside, 
and the nail was removed. As he did not revive after the operation, but 
became purple, and lay with a anmll, frequent, but regular pulse, and with 
laborious respii-ation, cold afliisiou was made upon the chest, and ammonia 
was applied to his nose. For a minute the pulse fluttered, then ceased, and 
breathing stopped two seconds later. Artiiicial respiration, ioBufllation, 
distention of tiie lungs with osygen, galvanism of tlie heart and diaphragm. 
After fifteen minutes the efibrt to bring back hfe was abandoned. — St. 
Thomas's Hospital, Loudon ; Med. Gaz., vol. xliv., p. 757 ; Snow, p. 143 ; 
Perrin, ibid., p. 270. 

17. Female, single. Bemoval of the eye. Chloroform was given on a 
sponge, and the operation was commenced before the estabhshment of 
complete antestfaesia. This necessitated more chloroform, which was then 
given in considerable quantity for several seconds. The operation was 
then recommenced, when the patient uttered an indescribable sound, some 
uninteUigible "Welsh phrases, and immediately expired. — Shrewsbury, Eng- 
land ; Joar. of Provincial Med. Surg. Assoc., 1849, p. 698 ; Snow, p. 145 ; 
Perrin, iijul., p. 271. 

18. Male, forty years ; intemperate, worn and emaciated. An injury to 
the knee, badly treated by a quack, necessitated amputation of the thigh. 
One or two tlrachms of chloroform were given on a silk handkerchief. 
After inhaling for a minute, his breathing biecame labored and the pulse 
began to fail. No more chloroform was administered. A swallow of 
bi-andy improved the pulse, but the patient continued steiiorous and his 
foce was purple. The amputation was, however, performed, and the stmnp 
dressed, the patient still iusensible and snoring, with a purple face, and 
a feeble, frequent pulse. He was placed in bed, and an attempt was made 
to arouse him, but without success. Death occurred about twen^-five 
minutes from the commencement of inhalation. The face was purple to 
the last. - Avei7, South OtseUc, 1850 ; Buffalo Med. Jour., March, 1859. 

19. Male, age and operation not stated. Had pre\'iously undergone 
amputation, without chloroform, for a cancer of the penis. Chloroform 
was given, January 29, 1850, on a handkerchief. The patient breathed 
badly, struggled, and pushed away the sponge ; it was reapphed, but in a 
few seconds respiration became stertorous. Inspiration at long intervals, 
finally ceasing altogether. A ulojjgy. — Oeneral engorgement of the cerebral 
and pulmonary vessels ; black blood in the right cavities of the heart ; dis- 
ease of the aortic valves, and a certain amount of fatty degeneration of the 
heart. — Pubhc Hospital, Kingston, Jamaica ; Mkliit. Moiiihly Jour., p. 377 ; 
April, 1850 ; Perrin, ibid., p. 272. 
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DEATH DUEIHTQ THB INHALATION OF CHLOROFORM. 

20. Male, iliirtj' years. Hydrocele. It was proposed to operate by incis- 
ion, BO as to remove tlie testicle if that should appear to be diseased. Cbloro- 
form on a compresa. Aiter two or tliree minutes, more chloroform. The 
patient was much excited, and the amesthetic was removed until he became 
quiet. It was then renewed, as the patient was not completely insensible, 
but after a fen- inhalations the pulse suddenly stopped. The skin grew 
j»ale, the eyes were turned up and down, breathing became alow, but con- 
tinued full and deep, with increasing intei-vala between the inspirationa, 
until at length they ceased altogetlier. Tlie operation had not been com- 
menced when death occurred, five minutes after the beginning of inhala- 
tion. Among other restorative measures, cold water was poured in a slow 
stream upon the epigastrium. This excited movements of respiration, but 
did not arouse the heart. Aulopni/, thirty-two hours after death. — Dura 
mater congested, considerable serous effusion into the meninges of the 
brain, osseous deposits under the dura mater, and arachnoidal adhesions. 
indicating clironie meningitis ; heai't nonnal, but flaccid, left ventricle 
empty, but the auricles and large vessels were distended with uncoagulated 
blood, a small soft clot in the right ventricle ; lungs engorged with 
blood. — Seraphin Hospital, Stockholm ; Suow, p. liS ; Perrin, ifiiii., p. 
273. 

21. — Male, seven or eight years ; in bad health for several years, caused 
by a stone in the bladder. Chloroform was given on lint ; after a few 
minutes a sound was introduced into the bladder, though the child still 
moaned so loud that it was difficult to hear the sound clicking against 
the stone. As the surgeon withdrew the instrument, the patient became 
livid, and his heart stopped. After one long, deep inspii-ation, the respira- 
tion also ceased. From the distended jugular vein several ounces of blood 
were immediately drawn ; but neither this, nor artificial respiration, nor 
electricity, did any good. — Glasgow Infirmary ; Snow, p. 150 ; Perrin, 
ibid., p. 273. 

22. Male, twenty-four years, on boai-d ship. February, 1850. Death 
from chloroform. — Mauritius ; Snow, p, 147. 

23. Male, thirty-foui' years, policeman, healthy. Amputation of a por- 
tion of the right hand. Chloroform given on a handkerchief, twisted into 
a cone. During tlie o^^eration, which had occupied a minute and a half, 
tlie wound ceased to bleed, and the patient suddenly expired. Autcpgij. — 
Hypenemia of the brain and lungs ; heart flaccid, containing a little blood 
on both aides. — Guy's Hospital ; London 31'nl. Oai., vol slvi., p. 39 ; Per- 
rin. Aid., p, 274 

24 Mala, twenty-four ; greatly reduced in strength by scrofulous dis- 
ease of the ankle-joint. Amputation of the leg was proposed. A drachm 
of chloroform was given on lint, in a hollow sponge, covered with a napkin. 
Thirty drops more were soon given. The patient liad not made over fifteen 
inffi>iration3 when it was discovered that he was dead. No autopsy. — Cavan 
lu&rmary, Ireland ; Snow, p. 162 ; Perrin. ibid., p. 275. 

26. Female, twenty years, in good health. Tooth extraction. Took 
chloroform at nine a.m., and, after three unsuccessful attempts at extrac- 
tion, the completion of the oj)eratiou was postiwued till afternoon. Fifteen 
or sixteen drops of chloroform were then given on a M]x>uge in a handker- 
chief. In a few minutes she became unconscious, but the jaws remained 
firmly closed. Tlie efibrt to separate them awakened the patient. About 
twenty drops of the anaistbetic were then administered, while a piece of 
wood was held between the teeth. After a few inspirations, tracheal rat- 
tles were audible, the face became livid, froth issued from the mouth, aud 
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she vfos dead. Autopifij negative. — Casper'a Wochenechrift, January 12, ^H 
1850 ; Perrin, tfeirf., p. 277. _ ^| 
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Perrin, ibid., p. 277. 

26. Mole. Operation upon the penis, April, 1851. Half a drachm 
given without effect Another half drachm waa therefore given, when the 
patient expired. Stepney 'Work-houBe ; Med. Times and Gat., p. 677, May 
24, 1851 ; Snow, p. 153. 

27. ilale, forty-five years, light mulatto, large and powerful frame. 
Abscess of left testicle, requiring caetration, July 8, 1851. Chloroform on 
a handkerchief — ten to twenty minims at a time. Inhalation preceded by 
a glass of wine, as was usual in that hospital. Chest hod been previously 
examined and pronounced healthy. Patient was somewhat excited, but 
became insensible after about aeven minutes. Condition good, pulse 
70. At the first iucision the pulse stopped, and the wound ceased to 
bleed. Not more than two inspirations followed- Artificial respiration, 
tracheotomy, and cold affusion, did no good, though continued for an 
hour. Autopsy.- — Brain and lungs hypenemic ; heart covered with fat, 
large, weighing 12^ ounces, flabby and soft, containing a httle dark blood, 
a white clot ia the pulmonary artery, right ventricular wall thin, and some 
of the muscular fibres were granular ; liver 5 lbs. 13 oz., puckered, con- 
taining numerous encysted masses, apparently the remains of old abscesses ; 
spleen large and soft ; kidneys weighed fourteen ounces, hypersemic, but 
otherwise healthy. — Seamen's Hospital, London ; Med. Times and Oaz., 
p. 98, July 26, 1851. 

28. Female, thirty-seven years ; much exhausted by uterine cancer. 
Had inhaled chloroform several times for the removal of impacted fteces 
from the rectum. On the final occasion she inhaled for about nine minutes, 
using ten drachms and a half, in half-drachm doses. After removing the 
impacted masses, the surgeon found that his patient was dead. — Chipping 
Norton, England ; Med. Times and 0a2., p. 620, December 13, 1851. 

29. Male, twenty-three years. Hod suffered since foui" years of age with 
aneurism by anastomosis, occupying the whole of the right ear and its 
vicinity. February 14, 1852, he was chloroformed for half an hour, while 
the temporal artery waa ligated. From this he recovered without harm. It 
was decided that another large artery behind the ramus of the jaw should 
also be ligated, and chloroform was administered for that purpose, March 
17th. The patient struggled considerably, but, after inhalation between 
£ve and ten minutes, he became insensible. At the first incision through 
the skin bis pulse stopped, and a few seconds afterward his respiration also 
ceased. Artificial respiration seemed to produce a partial revival, but it 
was only temporary. Renewed efforts, aided by a galvanic apparatus, 
again restored the movements of the heart and lungs for a few seconds, 
only to be followed by another relapse. The turgid jugular vein was then 
opened, tracheotomy was performed, the lungs were inflated, and the pa- 
tient was placed in a warm bath at 104° F., but every effort, though pro- 
longed for an hour, failed to effect the slightest improvement. Aulopst/. — 
Bight side of the heart and the veins distended with dark fluid blood ; left 
ventricle contracted and nearly empty ; heart and valves quite healthy ; 
apices of both lungs adherent, but the lungs were liealtliy : brain healthy, 
but its membranes showed alight evidences of long antecedent inflamma- 
tion ; kidneys congested ; other organs healthy. — St Bartholomew's Hos- 
pital ; M-d. Times and Oaz., March 20, 1852. 

30. A lady was chloroformed by a dentist, for the purpose of painless 
extraction of teeth. About four scruples of chloroform were placed 
Jiand kerchief and held close to the nose for a minute. This dose 
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mstaotaneously fatal. Traces of chloroform trere found in tlie lungs, 
ileen aiiJ blood. — Strasburg ; Med. Timesand Gaz., April 3, 1S52. 

31. Male, adult, addicted to drink. Fislnla. Cliloroform, given on a 
handkercbief. aliortly produced twitcMngs of the muscles. The surgeon 
went to tlie door to c^ for assistance in holding the patient ; then poured 
a little more cliloroform on the handkerchiet and applied it to the face of 
the patient, who spluttered at the mouth, and suddenly expired. Death 
occurred not more than one minute after the first inhalation. About one 
drachm had been used. A ii(');wy.— Heart dilated, and flabby ; considera- 
ble serous effiiaion in the pericardium ; lungs healthy ; " slight appearance 
of disease about the liver, such as is olisen-ed in persons addicted to in- 
temperance." — Melbourne, Austraha ; Jled. Times and Gaz., p. 531, Novem- 
ber 20, 1852. 

32. Male, adult, cattleJealer ; inhaled chloroform for the apphc^tion of 
caustic potAsh to some ulcers of the leg. The inhalation produced great 
excitement. Tlie caustic was partially applied before the patient was fully 
insensible, so more chloixtform was given. During tlie second application 
of the caustic the patient sobbed and ihed. — Eorlskiun, near Melrose, Scot- 
land ; ilonthly Joum. of Med., voL iv., p. 377 ; Med. Times and Oaz., 
p. 402, October 16, 185'i. 

33. Male, seventy-three years ; hod been chloroformed five or six times 
between May, 1850, and l^y, 1851, and again four times in December, 
1851, for the operation of lithotrity. He had manifested alarming symp- 
toms of syncope during at least two of these occasions. The patient was 
tall and stout, had an intermitting pulse, and well-marked arcus senihs. 
Nevertheless, Dr. Snow succeeded in chloroforming him twice without any 
unpleasant aymptoms. It became necessary to repeat the hthotrity operation, 
and for this purpose Dr. Snow again gave chloroform with his own inhaling 
apparatus. The patient became insensible, without excitement or strug- 
gling, in the course of three or four minutes. A httle chloroform was ad- 
ministered two or three times during the operation. After a few minutes, 
the antBsthetic having been withdrawn for two minutes, his face and lips 
turned pale, and then grew red, and he made straining efforts with the 
muBcles of respiration, as if sensibihty to pain were returning. A little 
more chloroform woa then given, but he only took three inspirations when 
his breathing ceased, and the temporal artery could no longer be felt, nor 
could any sound be heard over the heart. Aiter a few seconds there was a 
deep inspiration, and it was thought that the heart could be heard heating 
very feebly and frequently,' but after one or two more very feeble inspira- 
tions, at intervals of about fifteen seconds, there were no more signs of life, 
Aitlopsy, fifty-two hours after death.— Heart larger than natural, and over- 
laid with fat, the right side contained aerated blood, the product of decom- 
position, right ventricle dilated and very thin, left ventricle also dilated, mus- 
cular substance soft and friable, a calcareous incrustation on one of theaortic 
valves ; kidneys highly congested, one of them slightly granular. Micros- 
copical examination indicated fatty degeneration of the muscular substance 
of the heart — John Snow : Med. Timns and Gaz., October 9, 1852. 

34. Female, thirty-six years ; married, generally had good health, but 
latterly somewhat exhausted by severe toothache and the dread of extrac- 
tion. Chloroform given on a hondkercliiet and inhaled in the sitting pos- 
ture. Three teeth were extracted before ahe was fairly insensible, and 
death took place suddenly during the operation. About a drachm of 
chloroform had been used. Autopmj, sixty-two hours after death, June 
13th, was of little value, owing to the advanced state of decomposition of 
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tlie body ; the internal vital organa all appeared to liave been in a Leall 
condition. — Union Miilimk, p. 5i, 1852 ; Perrin, ibid., p. 282. 

35. Female, tbirty-two years, in good health. Tooth extraction. 
Chloroform given, twenty or twenty-tive drops, on a sponge wrapped in a 
handkercliief. After four or five inhalations, the doctor asked if she heard 
any biizzing in her earn. With a trembling, raucous voice she answered 
in the affirmative, then stiffened her hmbs, while her bee tumetl blue, and 
her heml sank down — she was dead. Jidopsij, twenty-tive hours after 
death. — Blood aerated ; brain and lunga filled with blood ; heait healthy ; 
liver and kidneys filled with frothy blood ; other organs healthy.— Ulni, 
Germany ; Snow, p. IGl ; Perrin, ibid., 285. 

3G. Male, twenty-five years, soldier. Eeniovol of a cystic tumor 
cheek, December 2l), 1852. Fifteen minims of chloroform given on a hoUi 
low sponge. This excited no disturbance, and was followed, after a mi]i>_ 
ute, by the addition of a drachm of the anresthetic. In the course of foap) 
minutes the potient became insensible, without the slightest preliminaiy. 
excitement, and the operation was commenced. Scarcely had the necea- 
saiT incision been made when the face turned pale, the breathing stopped, 
and the pulse became exceedingly weak. Aspersion of cold water, insufSo- 
tion by moutli to mouth, pulmonary inflation with a tube after tracheo- 
tomy, etc., only excited a few occasional inspirations. Electro -puncture 
in the region of the heart also failed- Autopsij. — Brain negative; lungs 
engorged with blood ; heart larger than natural, excessively flaccid, Iot* 
side empty, right aide containing clots ; liver, spleen, and kidneys hill ofJ 
dark blood. — Hotel-Dieu, Lyons ; Snow, p. 165 ; Pei-rin, ibid., p. 286. 

37. Male, adult. Tumor. pi-ol>ably canceroua, upon the rignt thigh, to 
be removed Decemljer 24, 1852. Chloroform given, in ilrachm doses, with 
an inhaling apparatus. Patient greatly excited, but became quiet at the 
expiration of about seven minutes. As the sui'geon made his incision 
through the skin, it was remarked that the face was turgid with blood, the 
pupils were immovable, respiration was excessively slow, but not stertorous. 
An attempt was made to arouse the patient, but in vain. Antesthesia waa 
incomplete at the commencement of the operation, for the patient com- 
plained, after the first incision, that a cat was biting Ms thiglt — Boyol bi^< 
firmary, Manchester; Lancet, 1853, voL i., p. 21; Perrin, ibid., ji. 288. 

38. Female, thirteen years ; to be operated u2xni for the removal of a 
large lipomatous tumor from the back, A drachm of chloroform was 
given. When insensibility had been reached, the operation was com- 
menced ; but scarcely had the am-geon divided the skin, when the head of 
the patient sank down and she was dead. — Neustadt, Germany ; Perrin, 
ibid., p. 281. 

39. Female, twenty-eight years. i)rostitate. Application of nitric add 
to a gangrenous ulcer of the vulva and vagina. Ctae drachm of chloro- 
form given on folded lint. Patient was much excited, but soon became 
insensible and died at ouce. Aiilopn^. — Microscopical examinution indi- 
cated fatty degeneration of the heai-t.— University College Hos])ital ; Lan- 
cet, voL i.. p. 307, 1853. 

40. Alale, adiilt, Frenchman. Chloroform was given for some purpose 
not stated. Ten or twelve drops were administered upon cloth. Aftei 
five or six inspirations the patient laughed, spit into the towel, pressed the 
hand of the operator, drew a long breath, followed by a convulsive move- 
ment of the muscles of the face and hand, and immediately expired.— 
Monileiir des mpilauj; p. 480, 1853 ; Perrin, ibid., p. 291. 

41. Male, foi-ty-three years, intemperate. Stricture of the urethra, few 
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which Syme'e oiwration was to be performed, 1853. About one ounce of 
chloroform was usetl, in divided doses, on a handterchief. At first the 
l»itieut was attacked with epileptiform convulsions. These were followed 
by iDsensibilitT aud stertorous breathing, and the inhalation was sus- 
pended. As the Burgeon was about to make his first incision, tlie pulse 
weakened, and ceased entirely a few seconds later. Itespiration stopped 
at the same time, or afterward. Artificial respiration excited five natural 
inspirations at long intervals, but the pulse did not reappear. Tracheo- 
tomy, bleeding, and galvanism of the diaphragm, all failed, though em- 
ployed for an hour. Aulopny. — All the organs were healthy. — Koyal In- 
nimary, Edinburgh; Perrin, ibul., p. 292. 

42. Male, nineteen years, idiotic and an onanist. Chloroformed for forci- 
ble eitension of an anabyloBed knee-joint Two drachms on a sponge, In- 
halation had proceeded for thirty seconds when the pulse became feeble and 
fluttering ; the Jawa were set ; respiration was irregular ; the countenance 
became purple, and foam escaped from tbe li^^ Insufflation, cold asper- 
sion, artificial respiration, friction, ammonia, and bleeding from tbe jugu- 
lar vein to the extent of eight ouncee, were all employed in vain, .^m- 
iimsy negative. — Prof. Dumi-eiclier, Vienna; Oaz. des SdpUaux, p. 372, 
1854 ; Perrin, ibid., p. 30(3. 

43. Female, forty years, intemperate. Strangulated femoral hernia 
hod existed for two days and a half. Operation for reduction was neces- 
aary, October B, 1853. One di-achm of chloroform was given on lint, and 
at the end of three or four minutes forty minims more were added. A 
minute later the patient began to struggle violently, but at the end of a 
ininut« became stei'torous. The anaesthetic was withdrawn, but the pulse 
could not be felL Cold water was daalied on the face. Two or tliree 
short, stertorous inspii-ations, then two or tliree long ones, and breathing 
ceased. Artificial respiration, and, within a minute, electricity to neck and 
diaphragm. This was followed by tracheotomy. These efforts were con- 
tinued fur tlu^e-qiiarters of an hour. Autopsy, thirteen hours after death. — 
Abdomen very tjTupanitic ; anterior surface of the heart covered with tat, 
heart-valves healthy, venti-icular walla fhin and flabby, fatty degeneration 
of their muscular fibre ; lungs healthy, but adherent ; brain healthy, but 
the arachnoid exhibited chronic thickening and opacity ; hver, kidneys, 
and spleen normal ; intestines distended andinllamed. — tJniversity College 
Hospital ; M,:,i. Times and Oaz., p. 422, October 22, 1853. 

44. Female, twenty-two years, prostitute. Cauterization of a chancroid 
uloer of the \'agina. Chlorofonn with an inhaler, a padded metal cup 
supplied with ralves. Two drachms and a half were given in divided 
doses. Some excitement, but after inhaling for about five minutes she 
became insensible, the inhaler was removed, and the position was adjusted 
for the operation, when the pulse fluttered, tbe countenance became con- 
gested, and the i-espiratiou was interrupted and feeble. Cold affliaitin, in- 
sufflation thi-ough the nose, with compression of the chest, were per- 
formed for ten minutea Tracheotomy was then performed, and electricity 
was employed, Aft*r three-quarters of an hour it was evident that death 
bad occuiTed. Aulopxy, twenty-two hours after death.— Lungs healthy; 
heart also healtliy ; all other internal organs were sound ; blood every- 
where Uquid. — St. Bartholomew's Hospital ; Med. Times and (?az., October 
29, 1B53. 

45. Male, thirteejt years. Cleft palate. Staphylorraphy. Chloroform 
given, a few drops on a compress. Patient sitting. He had been much 
alarmed about the operation, and now struggled violently- After three or 
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four minutea the operation waa commenced, but very soon the heart 
ceased to beat. InsufBatioD, friction, and caut«rization of the precordial 
region were practised for Imlf an hour. Two or three raucous inspira- 
tiona alone rewarded these efforts. Autopsy completely negative. — H6tel- 
Dieii, Lyons ; Pen-in, ibid., p. 295. 

46. Male, adult, suffering with aneurism of the aorta. For a painful 
hemorrhoidal tumor he desired chloroform, which was given, though Ha 
danger was fully reeognizetL After inlialing for two minut«a and a halt 
au.-cHthesia was reached, and the chloroform was withdrawn. Bespiratioa 
became slightly stertorous and embarrasBed, the jaws were set, and the 
heart stopped. Insufflation and electricity excited moTements of respira- 
tion for twenty minut«e, but the heart did not beat again. — Hopital la 
Pitifi ; Penin, ibid., p. 297. 

47. Female, forty-five yeai-a, in feeble health. Caneer of the breast, 
for which amputation was to be performed, February, 1853. Chloroform 
was inhaled from a sponge for ^e space of twenty minutes without ef- 
fect Another bottle was then bi-ought, and in twenty minutes time tha 
pulse fell from 136 to 104, aiiil the patient appeai-ed to become insensible. 
Just as tlie surgeon was about to commence the operation, the counte- 
nance of the patient changed, and the pulse disappeared. The efforts at 
resuscitation were continued for an hour and a half. Autopifi/.— Heart and 
lungs healthy ; lungs engorged with blood ; kidneys degenerated ; com- . 
mencing cancer in the neck of the womb ; lialf an ounce of blood in tha 
spinal canal, — Sheffield, England ; Perrin, iliid., p. 299. 

48. Male, eighteen years, dissolute, pale and cacliectic. Phymosis and | 
chancres, re<iuiriiig circumcision. May 3, 1854. Two drachms of chloro- 
form in an inhaler. After inhaling for about six minutes, insensibility was 
nearly complete, when the pulse suddenly failed, and the face became 
livid. Artificial respiration, slapping the chest with a wet towel, and a 
monia, restored the patient after about four minutes. For ten minutes 
longer be continued to breathe, and the pulse beat at the rate of 40-60 
per minute. At the end of that time the pulse and respiration stopped 
together, and could not again be restored, viu/o^js;/. — Brain and lungs 
lx)th engorged; heart slightly enlarged, with thin walls and fatty de- 
generation ; blood everywhere dark and liquid. — Lock Hospital, London ; 
Med. Times and Gaz., June 3, 1854. 

49. Female, forty years ; enfeebled by uteiine hemorrhages, caused by J 
a polypus of the uterus. Bemoval under chloi-oform was attempted, 165^ , 
Chlorofoi-m was given on a compress. This produced great excitement, 
which ceased under the influence of a fresh dose, two minutes aft«r tha 
first inhalation. The operation was then commenced, and was in progi'eaa 
when the pulse stopped, though the respiration continued slowly. The 
head was lowered and the legs were raised without effect. During the 
next two minutes the body was shipped, and artificial respiration was at- 
tempted ; then the trachea was opened, and air was blown into the lungs. 
Acupuncture needles were thrust into the precordial region, and the heart 
was electrified, but in vain. Aii/upgi/ negative, — Hopital St. Antoine, 
Paris ; Snow, p. 176 ; Perrin, ibid., p. 300. 

50. Female, thirty-seven years, pale and dehcate. Kemoval of a mam- 
mary glandular tumor, May 11, 1854. Very anxious. One drachm of 
(chloroform in Snow's inhaler. Inhalation was perfonned badly, with ir- 
regular and spasmodic inspirations. After inhaling for a minute and a 
half, she suddenly 8topi>ed breathing, and became very pale. No pulse. 
Cold affusion, artificiid respiration, and galvanism, failed. Two distant 
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and giteping inspirations, within a minute aff«r the appearance of danger, 
■were the only signs of life perceived. Aulop^y. — General venous en- 
gorgement; heart Buiall, overlaid with fat, right ventricle thin, and its 
muscular wall had undergone slight tatty degeneration. — St George's 
Hospitnl ; M'-d. Tiiiu.v and Gaz., May 20, 1854. 

51. Female, fifty-nine years ; good health. Reduction of a torwai'd dift- 
locatiou of the left forearm, January 19, 1854. Chloroform, one drachm, 
on a Bix)nge. At the end of five miiiutea of quiet inhalation, another 
drachm. Respiration became almost immediately stertorous ; the pulse 
disappeared, and then breathing stopped. The tongue was drawn for- 
ward ; eold affuHion ; insufflation thi'ough the nose, and tliea, aft«r tracheo- 
tomy, thi-ough the windpipe ; galvamsm. These efforts produced a few 
convulsive inspirations, and then all was still, though the surgeons con- 
tinued their endeavors for an hour. Autiip^y. — Extensivepleural adhesions 
on the right aide ; lungs healthy, but full of dark blood ; left side of the 
heart uoi-mal, right side flabby, valves healthy ; a little drn-k blood in all 
the cavities of the organ ; two or three littie atheromatous patches on the 
mitral >Tilve ; coronary arteries atheromatous ; commencement of fatty de- 
generation of the walls of the right venti-icle. — Bristol lulirmary, England ; 
Perrin, ibid., p. 303. 

52. Male, adult. Dislocation of the hip. Unsuccessful att«mpt at i-e- 
duction. Next day, June 1, 1854, he was bled, and, after a shoi-t time, 
chloroform was given with an inhalei*. After a few minutes, insensibility 
was complete, and the luxation was reduced. Immediately the pulse stopped, 
but respiration continued feebly and irregularly. Cold aflfuaion, friction, 
and ammonia produced a partial revival, but he soon relapsed, and could 
not be again ai-oused, though every effort was continued for an hour. 
Electro-puncture of the heart was performed in this case, -^lii/opa;/.— Heart 
large and flabby ; everything else nonual — Hospital at Pisn, Italy ; Perrin, 
ibw/. p. 304. 

53. Mule, sixty-five years ; stout, muscular, and florid. Eemoval of ma- 
lignant tumor from inner side of left femur, July Vi, 1854. Two dracluns 
of chloroform in Unow's inhaler. Eight minutes later another drachm wan 
added. Ten minutes after commencing to inhale, violent spasm was in- 
duced, which continued for about three minutes. The pulse tiien fell from 
120 to 70, full and steady. Pupils bad been much dilated, but now less- 
ened their width. Respiration free and deep. At this moment, between 
tiiirteeu and fomieen minutes after the commencement of inhalation, the 
pulse gave a few mpid aud irregiilar beats, and then ceased. Respiration 
ceased simultaneously. Cold ajffusion, mouth to moutii insufflation. After 
a few inflations, there was a slight effort at inspiration. Electricity was 
tried within two minutes after cessation of the pulse. A canula for artifi- 
cial resjiiration was introduced through tlie crico-thyroid membrane, and 
'waansed for forty minutes. AtUemti/, forty-eight hours after death. — Brain 
hyperifmic, but healthy ; heart large and loaded with fat, especially the 
right side ; its musculai' tissue in a state of extreme fatty degeneration ; 
blood in the cavities of the heart was firmly coagulated and fibrinous, ex- 
tending down the aoi-ta, — Middlesex Hospital ; jffvd. Timts and Oaz., p. 
8fi,July2i!, 1864. 

64, Male, middle-aged- Stricture of the urethra ; retention of urine. 
Chloi-oform on lint, October 11, 1854, for catheterism. After inhalation, 
between four and five minutes, patient became iuseusible, and the opera- 
tion was commenced. Piutial return of sensibility recjuired the adminis- 
fa:aUou of more chloroform. Two minutes later the patient began to snore 
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loudly, and the tape flushed. The anieBthetifi was w-ithdravrn, and 
water was dashed upon the face. In aboiit one minute it was evident that' 
respiration waa ceasing altogether. The tongue was then pulled forward, 
and mouth to mouth intnifflatioQ waa attempted, but was aoon exchanged 
for ordinary artificial respiration. The pulse hail continued to beat feebly, 
aod, after about four minutes, the patient began to breathe again ; but tlua 
soon ceased once more. Electricity was then tried, without success, 
the end of forty minutes all further eflbrt was abandoned. Autopsy, 
enty hours after death. — Lungs healthy ; heart flabby and soft, weighu 
twelve ounces, its muscular substance in a state of advanced fatty degen< 
tion ; hver and kidneys more fatty than usuaL — University College " 
pital : Med. Time-s ami Gaz., p. 300, October 14, 1864. 

55. Female, fifty-six years, but looking ten years older. Mahgnant ulc^' 
on left leg, requiring amputation, December 5, 1854. One drachm of 
chloroform on lint covered with oiled silk. After about two minutes, an- 
other drachm. Considerable excitement followed this. The patient then 
became insensible, and the surgeon was commencing his operation, when 
the pulse suddenly ceased. Almost immediately there was a deep sigh' 
inspiration. For two or three breaths the cheeks puffed out during 
piration, and then the breathing ceased. Drawing forward the tonguej' 
and artificial respiration, excited a few slight inspirations, but no other sign 
of vitality was ever exhibited. Cold affiision, electricity, and artificial res- 
piration for half an hour. Autopsy. — Lungs gorged with blood ; heart 
normal, left side nearly empty, right side distended with fluid blood, its 
walls very thin ; hver cirrhosed ; kidneys cystic ; hi^ain pale ; general 
atheroma of the arterial walls; blood dark and fluid. — Guy's Hospital; 
Med. Timen and Gaz., p. 591, December 9, 1854. 

56. Male, eighteen years, of ruddy complexion, inhaled chloroform in 
one of the provincial hospitals of England, one day during the quarter end- 
ing October, 1854, for the removal of an encysted tumor from under the 
left eyebrow. The breathing became stertorous, and the inhaler was r&- 
moved for a time. On a second application, after about lialf a minute's in- 
halation, a convulsiTe attack resembling epilepsy occurred, the man be( 
piurple in the face, and almost immediately died. All attempts to res 
animation failed. Autcpny, — Great congestion of the brain ; the left 
tricle of the heart was tightly contracted. — MmI. Times and Oaz., Jam 
13, 1855. 

57. A lady, during the early stage of labor, in the care of a nurse, 
physician being absent, inhaled about five drachms of chloroform from _, 
hanilker chief, went to sleep, and was found dead and cold when the nunc^f 
who had also fallen asleep, awoke. — Med. Times and Gaz., p. 361, April 1^1 
1855. 1 

58. Male, foi-ty years, healthy-looking and temperate. Injury of the 
left eyeball, necessitating its removal for protection to the other. Chloro- 
form was given from Snow's inhaler. Diiringthe first four minutes no un- 
usual efl'ect Suddenly symptoms of excitement appeared, with general 
muscular rigidity. The amestiietic was removed, and cold water was poured 
over the chest. Mouth to mouth insufflation for the space of five to eight 
minutes. This produced slight sighing effort* at voluntary inspiration, but 
they finally ceased. The pulse had stopped at the first appearance of dan- 
gerous sj-mptoms, Aiitijpsy, forty-eight hours after death, — Brain hyperse- 
mic ; heart healthy, except some slight deposits on the curtains of the miti'al 
valve, its musculaj substance was easily lacerable. The right ventricle con- 
tained considerable fluid blood, the left was nearly empty : lungs engorged 
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Trith blood ; Bome pleuritic adliesiona ; blood everj'where fluid. — Royal Oph- 
thalmic Hospital, ^London ; Mi;d. Time^ aitd Oaz., p. 'ASA, Apiil 14, 1855. 

59. Lady, tldily-six years, married ; Iiad previously taken clilorofomi 
four times during the space of a year, Tooth extraction. Chloroform, to 
the amount of one dradiin, was given on a handkerchiet At the end of a 
minut« she spoke intelligibly, but immediately passed into a state of con- 
Tulsive rigidity, and fell upon the floor with her eyes staring and her 
mouth open. Dr. J. Y. Simpson reached the patient in five minutea, and 
commenced artificial respii-ation and the use of electricity. At times there 
were feeble appearances of spontaneous i-espii-ation, and it was even thought 
that the pulse i-etumed to the wrist, but everything finally failed. Av-lt^psy. 
— Right cavities of the heart gorged with blood, the muscular wall of the 
right ventricle was thinner than usual, and had undergone a certain amount 
of fatty degeneration. — Edijiburijh Med. Timei and Uai., p. 552, December 
1, 1855 ; Perrin. ibid., p. 309. 

60. Female, twenty-nine years, wife of a physician, undertook the self- 
ad miuisti-ation of chloroform, September S, 1855. Not obtaining the de- 
eired eflect, ten minims more chloroform were put into the inhaler, and 
the patient, being seated on a sofa, began to inhale very eagerly, but bod 
no sooner commenced than she gave a sudden start, and died immediately, 
—Snow, p. 188. 

61. January 14, 1856. Death after chloroform given to a patient for 
amputation of the leg. — Kelso, England ; Med. Times and Oaz., Jonuaiy 26, 
1856, p. 103. 

62. Male, thirty yeai's, sailor ; intemperate ; delirium tremens two weeks 
previously. Newosis of one of the digital phalanges, re<iiuriug amputation, 
October, 1856. One drachm of chloroform was poured on a sponge folded 
in lint, and given to the patient sitting in a chair. After a httle he began 
to raise his hands, and tjembled. He kept spitting into the lint, and ap- 
peared as if about to vomit. Suddenly he was violently convulsed. Tlie 
anjesthetic was removed, and the patient was laid in a semi-recumbent posi- 
tion. The convulsion lasted for only a few seconds, and the breathing was 
irregular, labored, and puffing. The pulse was intermittent and almost im- 
peroeptible. Artiliciid respiration, pulling the tongue, cold affusion, and 
lunmonia, restored the patient in about a minute, so far that he could 
breathe without assistance, but in a few seconds he relapsed, and could not 
be recovered, though electricity and insufflation of osygen were employed. 
Autopsy.— 3rava was pale and its membranes were tliic^kened ; fatty degen- 
eration of the heart, hver, and spleen. — St Thomas's Hospital ; Mad. Tivies 
and Ooi., p. 442, November 2, 1856. 

63. Male, adult, stage-driver. Fistula in ano. About one drachm < 
towel, Four or five inspirations only had been taken, when the counte- 
Itanoe changed, the pulse ceased, aad the patient was dead. Tongue drawn 
out; cold affusions; artificial respiration; electricity. Autijpxy — Fatty 
degeneration of the heart ; other organs healthy. — Sacramento, CaX, 1856 ; 
Gibbons : PacijU: Med. and Hiir<}. Jour., June, 1861). 

64. Male, adult. Chinaman. Compound fracture of the leg, requiring 
amputation. Chloroform was given in large quoutity and rather carelessly. 
Death before the commencement of the operation. — Columbia, Cal. ; Gib- 
bona: Pacific Med. and Siiry. Jour., June, 1869, 

65. Mole, adult. Chinaman. Removal of a large tumor. Death i 
mediately after operation. — Sim Francisco ; Gibbous : I'w^ijia Med, atvl 
Surg. Jour., June, 18G9. 

66. Mole, fourteen or fifteen years ; inhaled chloroform in the sitting 
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position, and died auddenly.—" Report of the Londou Chloroform Com- I 
mittee," Case No. 109. 

67. Male, nine years, delicate, nervous, and timid, but without organic 
diBense, except a tumor of the scapula, for which the greater jinrt of that 
bone was to be removed, Febmary '2S, 1H57. Patient became insensible in 
about three minutes. During the removal of the patient to the operating- 
room he became partially sensible, spoke aloud, and vomited froth. More 
chloroform was given, in two doses. After a little time the patient made 
one long inspiration, breathed with stertor a few times, and seemed to pass 
at once into deep sleep ; but suddenly the pulse began to beat very 
quickly, then ceased for two or three seconds ; then it beat rapidly severu 
times with a flickering movement, and then it ceased to be perceptible. 
Cold sprinkling of the face, and cold air blown upon the face and throat 
for about tivo minutes, revived the iMitient so that he again breathed deeply 
and freely, about twelve times in the minute. Tliis continued for three 
minutes, and color returned to the face, and the soimds of the heart could 
be heard, though the pulse did not return to the wi-ist. Wino and brandy , 
were poured into the mouth, but in less than tv.o minutes respiration again J 
ceased. Artificialrespiration, after the manner of Marshall Hall, was thought I 
beneficial, but soon all signs of life disappeared. At the end of five minutes * 
there was a discharge of fn-'ces, and the patient was dead. — James Fage^ 
notes from private practice : Mrd. Times and Gaz., March 7, 1857, p. 236. 

68. Female, adult ; intemperate ; during a paroxysm of dmnkenness had 
sustained a comp'jund fracture of the knee. M. Masson, intending to oper- 
ate at once, administered chloroform ; but the patient, once plunged into 
the anfeathetic sleep, could never, in spite of every effort, be roused again. 
M. Nolaton believed that the coincidence of alcoholic intoxication in thid 
case detei-mined the fatal result, for he had observed that when dogs were 
nuule previously drunk with alcohol, chloroform acted both more prompt^ 
and more fatally. — Nclaton : Med. Times and Go?., p. 149, August, 8, 1857. 

69. Male, thirty-five years, had been previously chloroformed sis timea, 
and on one of these occasions the femoral artery had been ligated for a 
popliteal aneurism. This had caused gangrene, necessitating amputaticm 
of the thigh, April, 5, 1857. Half a di-achm of chloroform was given oil 
lint, soon followed by additional small doses. The patient became insen- 
sible, but, just before the commencement of the operation it vras found 
that the pulse had stopped, the pupils were dilated, and respiration had 
nearly ceased. The head was lowered, the legs were raised, cold affiision 
upon tne face and slapping of the belly were practised. The patient be- 
gan to breathe again, and at the end of two minutes the pulse could be 
felt at the wrist. This improvement continued during two or three minutCB, 
and then alarming sj-mptoms again appeared. The pulse stopped once 
more, and in less than two minutes there was no more breathing. Aa the 
heart ceased to beat, the muscles of the leg contracted sposmodic^y, and 
a viscous perspiration covered the skin. After practising artificial respira- 
tion for half an hour, electricity was tried, but in vain. Atitop^j. — Brain 
and lungs healthy ; tight cavities of the heart contained a little blood 
mixed with small clots. The blood was liquid, but coagulated slightly 
when exposed to the air. The muscular tissue of the heart tore easily, bat 
the microscope detected no evidence of fatty degeneration. — Liverpool In- 
firmary ; Laticet, p. 429, 1867. Perrin, ibid-., p. 313. 

70. Female, seventeen years, had twice been cliloroformed without ao- 
cident. Syphilitic warts and mucous tubercles, requiring cauterization ivith 
nitric acid, August 7, 1857. One drachm of chloroform was given "* 
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Snow's inbaler. As soon oa tlie patient became inaensible, tlo inhaling ap- 
paratus wou removed, and tlie acid was applied. In a few n aates, during 
the stage of recovery, she became pulseless and cold, tlioug she had pre- 
viously moved her le^, and had urinated in bed. Artificial i.eBpiration and 
electricity failed to revive her. A ulop»<j. — Great thickening of mitral valves, 
and organized lymph in the pericardium, and attached to the surface of the 
heart ; other organs healthy. — King's College Hospital ; Med. Times and 
Oat., p. 171, August 15, ISSY 

71. Slale, adult Died in a dentist's chair, February 1, 1858, after inhal- 
ing chloroform for the purpose of having teeth extracted. — Toronto, Can- 
ada. Med. Times and (Jaz., p. 415. April 17, 1858. 

72. Male, forty-nine years ; disease of elbow-joint, requiring excision. 
Chloroform administered on a sponge, to the amount of one drachm. After 
inhnling for about two minutes, he began to gasp, his limbs moved slowly 
and irregularly in the death-struggle, and his pulse stopped. Electricity, 
tracheotomy, and artificial respiration for half an hour. A warm, saline so- 
lution was also injected into the cephohc vein, but all without effect. Au- 
top«'j. — Mitral valve somewhat atheromatous ; heart overlaid with fat ; right 
ventricle contained dork, frothy blood ; considerable coagulated and tluid 
blood in the abdominal cavity, probably consequent upon the violence of 
the artificial respiratory eflbrta. — Bristol Infirmary, February 12, 1858 ; 
BrU. Med. .foicrn., March 13, 1858. 

73. Male, twenty-tbi-ee years ; student, strong and healthy, but much 
given to beer. A cicatrison the forehead, requiring an operation. Chloro- 
form, to the amount of six drachms, was given. Great excitement, the pa- 
tient starting up and tossing his arms about ; complete collapse, however, 
rapidly supervening — all this happening within ten or twelve seconds. 
Cold affusion, finger in the pharynx, brushing the soles of the feet, and ar- 
tificial respiration for an hour. Melted sealing-wax was dropped on the 
obest. and electricity was used, but in vain. Autoimij. — Cerebral vessels 
engorged with blood containing air-bubbles of decomposition ; heart re- 
laxed, pale, and empty, its valves and substance healthy ; abundant coag- 
ula in both vens cavie. — Binz, Bonn ; Med. Times and Qaz., p. 457, May 
1. 1858. 

74. Male, thirty years ; a French professor of natural bistorj', and healthy. 
Toothache for several days, for wliich he had recourse to inlialations of 
chloroform. He went to bed one evening, sufi'ering great jjain. In the 
morning he was found lying on hia side, dead in bed, having in his hands 
a handkerchief held at a Uttle distance from his mouth. On a table, at 
the bedside, was a bottle holding chloroform, — Med. Times and Gaz., May 
22, 1858. 

75. Male, forty-five years ; soldier. A tuberculous testicle, requiring 
caBtration, Chloroform was given on charpie iu a compress, twisted into a 
cone. After two or three minutes of quiet inlialation, at the first touch of 
the bistoury the pntient suddenly sat upright, with haggard eyes, pupils 
widely dilated, and bis arms stretched out. He then fell bock, heaved a 
sigh, and was dead. Revulsives, tickling the pharynx, pnecordial friction, 
burning coals upon the thorax, artificial respiration, mouth to mouth 
insufUatioD, all Med. Aulopinj. — Brain healthy, and not hyperasmio ; 
limgs lull of blood, and loaded, especially the right lung, with miUary tubor- 
clea ; a large cavity in the apes of the right lung. — Hopital du Gros-Cail- 
lou ; Qaz. de^t HApitauj:, p. 272, 1858 ; Perrin, ibid., p. 31(j. 

7(J. Female, a girl. Tooth extraction, August 27. 1858. Chloroform 
OS a napkui was given by a dentist. Death almost immediately after the 
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extxactioTi. EiMota, England ; Med. TiTnes and Gm., p. 248, September i, 
1858. 

77. Male, eWen years ; injury of the great toe, neoeBsitating an examina- 
tion, August 27, 1868, Chloroform was given on a liandkercliief, about 
fifteen mimima at a dose. After the patient had apparently become insen- 
sible, he made two short, stertorous iuspirations. The ana.-athetic was 
diBcoDtinued, but the pulse weakened, and after a few feeble beats ceased 
to be perceptible, the lips and surface became hvid, and a small quantity 
of frothy mucus ran from the mouth. Cold affusion, rolling the body 
over, hot flannels to the epigastrium, failed ; the patient ceased to breathe 
in about ten minutes, Onlinary artificial respiration was continued for 
several minutes longer. — Towceeter, England; Med. Timat and Gaz., p. 
282, September 11, 1868. 

78. Male, eight years. Double internal sti-abismus, neceaaitating oper- 
ation, October 1, 1858. Chloroform was given on lint The child strug- 
gled and cried. When inhalation had lasted about four minutes, the oper- 
ation was commenced on the right eye ; but, as he flinched, a fresh dose 
of chloroform, about half a drachm, was given. Immediately the face grew 
pale, and the pulse stopped. The tongue was di-awn forward, and utifi- 
cial respiration was maintaiued for three-fourths of an hour, by pressure 
of the hands on the thorax and abdomen. During the flrst twenty minutes 
the boy gasjied several times. Autopsy. — The membranes were congested 
and aiiiereut to the brain ; limgs, liver, and kidneys intensely congested ; 
heart healthy. It was thought that the boy had suffered from meningitia 
in early infancy. — London Oxihthahnic Hospital ; Med. Tivu-s aitd Gta., 
p. 374, October 9, 1858. 

79. Female, married ; six times pregnant ; had taken chloroform at oocll 
confinement. September 20, 1858, her pains commenced at two a-m. No 
one but a nurse was ta attendance. About twenty minutes, to eight a-m., 
expulsive pains came on, when she called for chlorofoi-m. Aiter breathing 
it a few times from a handkerchief, she threw herself violently back, gave 
a gaai) or two, a shght gurgle was heard in her throat, and respiration 
and the pulse instantly ceased. Her physician arrived on the spot ten 
minut«g later, and found her dead. Tlie quantity used did not exceed two 
drachms. — Ayrshire, Scotland ; Med. Times and Gaz., p. 465, November 6, 
1858. 

80. In a letter, dated November 15, 1858, Dr. Duncan states that he 
was called to a case of confinement, in which, on anival, he found that the 
patient had died suddenly while inhaling a small quantity of chloroform 
during the pains of labor. — Matthews Duncan, Edinbui'gh ; Med. Timea 
and Oaz., p. 534, November 20, 1858. 

81. l^fale, forty-three years, mechanic. Dislocation of the left shoul- 
der. A few drops of chloroform were given on linen, January Iti, 1859. 
About five dracluus were thus given in divided doses. The patient waa 
considerably escited. From three to five minutes after the oommenoe- 
ment of inhalatioa the muscles became relaxed, and the dislocation waa 
easily reduced. It was then found that the pulse had ceased at the wrist, 
and, though respiration continued calm and deep, the heart bad also 
stopped. Suddenly, after Ave or six rapid and deep inspirations, respirft- 
tioQ ceased abruptly. Artificial respiration was continued for more than 
half an hour, but the only effect was three full inspirations at intervals of 
""veral seconds. AuUtpsij negative. The heart was flaccid and easily 

1.— Hflpital St Louis ;" Perrin, ibid., p. 318. 

12. Female, seven and a half years, suspected of onanism. Coxalgi^ 
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for which foi-cible eitenaion of the limb was to be performed, February 3, 
1869. Chloroform w»s given, a few drops at a time, ou a epoD^'e. Inha- 
lation proceeded quietly to apparent anffistheaia. The surgeon then at- 
tempted to extend the thigh, but the child cried out, and made reeistance. 
More chloroform. Apparent resolution. Renewed opposition to foi-cible 
movement, when suddenly all outciy and resistance ceased. The counte- 
nance had changed, the heart had stopped, and, after three or four feeble in- 
epirntions, the breathing ceased also. The head was dropped, and the feet 
were raised ; the tongue was drawn out, and mouth to mouth insufflation 
attempted ; but the air merely passed into the stomach, and consequently 
a sound was introduced through the larynx for further insufflation. Elec- 
tricity was tried in vain. After three-fourths of an hour all efforts were 
abandoned. AulofTfy. — Lungs adherent, cretaceous masses iu the apices 
of both lungs ; cavities of the heart were distended with dai'k, fluid blood ; 
brain hypenemic. — Hi'ipital Ste. Eugtoie ; 0<u. de* HdjyUaiLe, p, 71, 1859 ; 
Pen-in, ihid., p. 322. 

83, Female, fifteen years, healthy. Strabismtxs. Chloi-oform was given 
on linen cloth. She inhaled the anECsthetic without any unusual symptoms 
until nearly insensible, when she uttered a sudden and very pecuUar shriek. 
After this she soon became insensible. Soon after the first snip with the 
scissors her countenance became livid and the pulse disappeared. Artifi- 
cial respii-ation aroused sUght gasping efforts at inspiration, which recurred 
at intervals for some time. Movement of the nostrils, as if in the attempt 
to inspire, were apparent at least half an hour after the pulse had ceased. 
A brandy enema was given very early in the treatment, at which time the 
ephincter ani was found qiute relaxed. Artificial respiration was main- 
tnined for an hour. Aulof>nij, next day. — Left side of the heart empty, the 
right side contained a small quantity of spumous and fluid blood, with 
probably not less than two ounces of pua. No organic disease in the body. 
Numerous spots of exti'avosation in the lungs, probably caused by the 
effort at artificial respiration. — Boyal Ophthalmic Hospital, London ; Med. 
Time» and Qaz., p. SHI, June 4, 1859. 

84 Male, sixty yeai's ; suffering from dislocation of the hip. Chloro- 
form was administered, but without the induction of complete anfesthesia. 
The efibrts at reduction of the dislocation were very violent. Twenty min- 
ntes after the removal of the amesthetic, " symptoms of cerebral congestion 
supervened, which in due course terminated in death." M. Maisonneuve, 
the operator in the case, exonerated tlie auiesthetio from all blame in this 
instance, ascribing death to the severity of the operation. — Hflpital La 
Piti^, Paris ; Med. Times arid Gaz., April 9, 1859. 

85. — Alale, forty-five years ; requiring incision of the penis and scrotum, 
on account of extravasation of urine. One drachm and a half of chloroform 
was given, in two doses, with an inhaler. TIte an,i?8thetic was withdrawn 
as soon us the patient became insensible. The operation occupied about 
one minute. As it was completed, the pulse fluttered, and ceased. Bespi- 
latiou continued for a minute or two longer ; as soon as it stopped, Uie 
trachea was opened, and artificial res[)iration, with Marrct's apparatus, was 
kept up for more than half an hour Electricity and all other restoratives 
&iJed. A ulopiij. — Body very fat ; blood everywhere fluid ; limgs healthy, 
slightly emphysematouB, had not been gorged at death ; heart contained 
blood iu all its cavities, but was not distended ; its walls were thin and 
veiy soft The muscular substAnco of the heart was in a high degree of 
fatty degeneration. Kidneys fatty ; brain healthy. — Westminstei' Hospital 
Medical Hmea and Oaz., p. 81, July 23, 1859. 
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86. Male, twenty-eight years ; irritable temperament, and iiitemperatfia 
Dislocation of the ankle-joint, followed by erysipelas, necessitating ampo* 
tation of the leg, August 8, 1859, nearly two months after the original acci- 
dent The patient drank stout and brandy a short time before the opeT&- 
tion. Chloroform was given — one drachm — with an inhaler. About half 
of it had been inhaled when the pulse weakened. The autesthetic was with- 
dran-n, but the face of tlie patient became pale, he gasped a few times, 
emptied his bladder, and died. Brandy enema; electricity; artificial resfu- 
ration for half an hour. Aulopaij. — Heart and lungs healtiiy ; liver slightly 
enlarged, but healthy ; spleen very soft ; kidneys healthy, though the left 
was liwice the size of the right ; on the under surface of the anterior por- 
tion of the right middle lobe of the brain were the reniaiua of an old dot ; 
there was a similar condition of the imder surface of the anterior lobe of 
the same side, the olfactory bulb being destroyed. No other deriation from 
healthy structure. — St. Tljomas'a HoHpital ; Med. Times and Gaz., p. 19^ 
August 20, 1869. 

87. Male, adult ; application of nitric acid to syphilitic sores, October 22, 
1859. Two di-achms and a half of chloroform were given, in divided doeee^ 
on lint. The acid was appHed before the induction of complete aneeHthe* 
sio. The patient resisted ; struggled to get free ; then turned pale, and 
died. Pulse and respiration ceased at once. — Dreadnought Hospital Ship ; 
" Report of the Chloroform Committee," Case No. 73. 

88. Male, fifty-seven years ; waiter at a low public-house ; veiy Intempe- 
rate. Fracture of the tibia and fibula, estemling into the knee-joint. Deli- 
riiun tremens set in ne.xt day. On the following morning. November 7, 1869, 
chloroform, half a drachm on lint, was given to quiet his raving. After 
three inspirations the man writhed, and fell back dead. Autopsy. — No 
disease anywhere, except slight deposits on the tricuspid and mitral valves. 
— London Hospital ; Med. Times and Qm., p. 503, November 19, 1859. 

89. Female, fifty years ; domestic. Dislocation of the right shouldei^! 
Chlorofoim was given, November 21, 1859, with a view to reduction of th» 
dislocation. The operation was easily performed, and the surgeon had left 
the patient, when an assistant observed that the patient scarcely breathed. 
The usual attempts to resuscitate the body were made, and a few inBjnro- 
tions followed, but the heart remained motionless. Autopsy. — The right) 
lung was contused, and tiiere was pleural adhesion ; concentric hypertrophy 
of the heart, without valvular disease ; brain hypersamic, but heathy ; tm- 
otiier organs were healthy. — Hi'pital la Charitfe, Paris ; Qaz. des HOpUaum, 
p. 550, 1859 ; Perrin, ibid., p. 333. 

90. Male, twenty-six years ; physician. Ingrowing toe-nail, for which 
the nail was to be removed January 1, 1800. Chloroform was inhaled from 
a towel which the patient held in his own hands. After the operation, 
which did not occupy more than two minutes, had been finished, he did 
not awaken. Cold affusion produced no efiect. After a few minutes the 
breathing became less frequent and more labored ; his countenance began 
to change, and the pulse became imperceptible. Artificial respiration was 
continued for hdl an hour, but all in vain. — Alloa, Scotland ; Med. Timet 
a)ui Oaz., p. 26, January 7, 1860. 

91. Blale, twenty-nine years ; of lymphatic temperament RemovalofA, 
small cystic tumor from the external angle of the right upper eyelid, JanOr- 
arj- 14, 1860. Chloroform was given slowly on cloth. Strong muaculor 
contractions, especially of the stemo-eleido-mastoid muscles, soon occurred, 
with fi'equent pulse, and hvely injection of the face. The anajsthetic was 

^tlidrawn, but the patient passed at once into collapse. He fell back, and 
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made three deep m8[}irations, followed by the discharge of mucus from the 
mouth and noae. The heart stopped beating, and, after a few distant inapi- 
rations, breathing also ceased. The face grew pale, the eyeballs were 
turned upward, and the extremities became cold. All this took place within 
two minutes. Only two drachma of chloroform had been used. Autopsy. 
— EIsteuMve pleuritic adhesions and ecchymoses ; lungs hy|)enEmic, vesi- 
Gular dilatation at their apices ; veiud turgid ; two small clote in the right 
ventricle, dilatation of the auric iilo- ventricular orifices ; brain hyperBomic 
— Son Joai; Hospital, Lisbon ; Perrin, ibid., p. 335. 

92. Female, adult ; in the habit of frequently inhaling large quantities 
of chloroform. June 9, 1860, she inhaled chloroform fi'om a napkin held 
by her little daughttir. a girl ten years old, ujitil deatli occurred ; she had 
twioe previously, on the same day, made hei-self insensible with the same 
onipsthetic— Doncaster, England ; " Report of the Chloroform Committee," 
Case No. 77. 

93. An old woman, insane, and violent. The governor of the institu- 
tioDj a non-medical man, undertook to quiet her with chloroform, admin- 
istered on lint. The patient struggled violently, and knocked the lint out 
of the administrator's hand. It was renpphed to her face, and after about 
a minute she became insensible, and in the course of about ten minutes it 
was discovered that she was dead. Avltximy. — "Congestion of the lungs" 
was assigned as the cause of death. — Liverpool Workhouse ; Med. Times 
and (Jai.. July 28, 1860. 

04. Male, forty years ; chancre under the prepuce, requiring circumci- 
sion. Chloroform, to the amount of an ounce and a half, was given in divided 
doses upon a napkin. After four or five minutes the patient gave a sudden, 
stertorous inspiration. The napkin was removed, and, after noisy breath- 
lug for about a minute, respiration ceased. Artificial respiration excited a 
few inspiratory efforts, but they soon ceased. The pulse bad also disap- 
peared, and the sounds of the heart could not be heard. Electricity. In- 
sufflation with a tracheal tube and bellows, and a brandy enema, failed ; 
and at the end of an hour and ten minutes the case was abandoned. Av- 
((fjHii/. — Small patches of old lymph on both hemispheres, brain otherwise 
healthy ; lungs collapsed, but healthy ; heart soft and ttabby, its muscular 
tissue had undergone fatty degeneration, one or two atheromatous patches 
on the curtains of the mitral valve ; other organs Apparently healtiiy, but 
h\'peni>mic. — Bellevue Hospital, New York ; Am. Med. Times, p. 99, August 
li, I860. 

y5. Male, forty-two years ; Intemperate. Tumor upon the back. Chlo- 
roform wa.4 given on a himdkerchiet Its efiects were soon visible upon 
the patient, who became insensible without any unusual phenomena. On 
turning him over, to reach his back, it was observed that his coiuitenance 
was much changed. Artificial respiration was employed in vain for an 
hour. Aiiti^gy. — Great hyperremia of the brain, heart and lungs.— North- 
ampton Infirmary; Med. 7\nwM and Gaz., p. 319, September 29, 1860. 

96, Klole, fifty-five years ; very intemperate. — King's College Hospital ; 
" Beport of the Chloroform Committee," Case No. 82. 

97, Male, twenty-six years. Ingrowing toe-nail, for wliich removal was 
proposed. Chloroform was given on cbarpie in a paper cone, applied to the 
nose, leaving tlie mouth free. At the end of two minutes no effect had 
been produced, and a few drops were added. 8oon he became restless, 
tossing his limbs about, sitting up, and re])eatiug unconnected words. 
More chlorofoi-m. The agitation soon disappeared, and complete resolu- 
tion followed. The anaesthetic was then withdi-ai^-u, and the operation was 



As this waa finished, a moan was heurd, aud the p 
ilftnd pulseless. Cold affusion and artiticLil respiruttOB pro- I 
il respiratory movements, but the pulae did not retura. "Kck- 
lUM 1^ pltuuryux, aod mouth to mouth insufflation did no good. A utopBy. — 
Om v'^^^uiilio ndlieeioQB and puknonary apoplexy. — Dr. Fano, PariH ; Gax. 
Jwr fliyiftjuj-, No. 142, 1860 ; Pen-in, iliid., p 338. 

litiS. MiUe, forty years, healthy and strong ; crushed his leg by a fall from 
hi* hurse, end fainted nt the moment of the accident. Six or eight hours 
iknerwartl, being in a state of great fear and agitation, he insisted upon 
hMving chloroform befoi-e undergoing the amputation of the leg which wao 
dt'enietl necesaai-y. The surgeons, dreading the use of chloroform under 
auoh circumatancea, determined to make only u pretence of giving the aniea- 
tlietic, and accordingly placed it at a long distance from his face. Scarcely, 
however, had he drawn four inspirations 'when respiration and circulation 
iiuddenly ceased, in spite of every effort for their reatoral ion. ^Bordeaux ; 
Otu. dea He-jAlau-c, p. 8, 1861 ; Pen-in, ifeirf., p. 338. 

99. Male, thii-ty-one years, compositor, intemperate. Delirium tre- 
mens. Chloroform, between one and two drachms, given on a handker- 
chief, to procure sleep. For two or three minutes the patient inhaled 
quietly. He then became violently esoit«d, struggling to escape frojn s 
spectral figure which seemed to be tiding to take away liia boots. Ex- 
citement continuing for about two minutes, another half-drachm was 
added. After several inspirations he fell back, and breathed vritii diffi- 
culty. Artificial respiration caused three sighing respirations, growing 
fainter, and at longer intervals, and then all was still. — Robert Dobbi^ J 
London ; Med. Times and Oaz., p. 683. June 29, 1861. r 

100. Male, adult, in the prime of life ; an eminent physician. Tooth-I 
ache. Going to a dentist, he insisted upon chloraforming himself, April 1 
6, 1861. Extraction was quickly effected, when n movement of the head 
seemed to indicate pain. Convulsive movements of the face and limba 
inmiediately followed, and the face became purple. In spite of eveiT ef- 
fort, the convulsions increased in severity, and the patient expired about ,. 
five minutes after the extraction of the tooth.- — Island of Mauritius j^ 
Union Midicde, p. 580, 1861 ; Penin, ibid., p. 336. 

101. Male, thirty-two years ; scrofulous disease of the left knee-joint^ ^ 
requiring amputation of the thigh, September 3, 1861. Patient was vsrj 
anxious, and took bi-an Jy prior to inhalation. Two drachma of chloroform 
were used on cloth. No excitement. The tourniquet was being adjusted, 
when a sudden relaxation of the sphinctera took place, the pupils dilated, 
the pulse ceatied, and respiration continued but a few seconds long^. 
Electricity, artificial respiration, and other means availed nought. Aulofiay. 
— Right side of the heart gorged with blood ; no other abnormal appear- 
ances. — Newcastle -on-Tyne In£rmary ; Med. Times aiid Gaz., p. 321, Sep- 
tember 28, 1861. 

102. Male, thirty-five years ; carpenter. Stricture of the urethra and 
retention of urine, requiring catheterization, September 5, 1861. Two 
drachms of chloroform were given on lint. Anaisthesia was reached with- 
out unusual symptoms. The lint was then removed, and the operation 
was commenced. After about two minutes the hps became hvid, the ey6- 
hds were Imlf open, and the pupils dilated. The patient then drew a deep 
inspiration, and the pulse ceased almost immediately. Electricity and ar- 
tificial respiration, for twenty minutes, produced no more than three or 
lour spasmodic efforts at inspiration. AuUijisy. — Shght hyperiemia of 

vt, lungs and hver ; blood everywhere fluid ; the whole struoture of ths 
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left kidney wfis converted into ten abaceaa-caTities, vAiying in size from a 
hftzel-nut to ti }jigeon'8 egg, and filled with a mixture of pua and a thinner, 
clear fluid ; left nTBter mucli tliickened, and filled ■with thick puB ; right 
kidney weighed six ouncea and a half, but waa healthy ; coats of the 
bladder thickened. — Cumberland Infirmary ; Afeil. Tiinen and Oaz., p, 321^ 
September 28, 1861. 

103. Male, fifty years ; large and muscular. Bemovnl of internal piles. 
Chloroform on a sponge, two drachma at first, followed by forty or fifty 
minima. Great excitement, atruggUng and shouting. While thia yet con- 
tinueil, Bonie stertor appeared, and the sponge waa removed. The face 
was livid, the pulse ceaHed, and the reapiintion was becoming visibly 
slower. Slapping the chest with a wet towel, and artificial respiration, ex- 
cited a tew gasping inspirations. Blood was token from the turgid jugular 
vein, and electricity was tried. At the end of an hour it was clear that 
the patient was dead. A ut(^jni/. — Heart was loaded with fat, its walls tliiu 
and weak, the muscular substance of its right side had undergone fatty 
degeneration ; the right cavities were gorged with blood ; all other organs- 
were healthy. — W, K C. Nourse, Brighton, England : Med. Tivies and Oaz., 
p. 490, November 9, 18G1. 

104. Male, eiglit years ; had suffered deformity caused by a bum in the- 
chin, turning the lower lip inside out. A plastic operation waa to be per- 
formed. Chloroform was given for ten minutea before msensibilify whs- 
complcte. Just before the conclusion of the operation, the patient died 
instantly. Artificial respiration for half an hour. He was then put in a, 
warm bath, and electricity was used for an hour and a half without suc- 
cess. Autopsy. — Not a trace of disease anywhere. — St Mary's Hospital; 
Med. Times aiut Gaz., p. 619, November 16, 1861. 

105. Male, nineteen years ; medical student Was in the habit of snif- 
fing chloroform. After dinner he went to his bed-room as usual, and 
locked the door. Some hours later, making no reply to knocks and calls, 
the door vras broken open, when he was found lying on tlie bed, dreaaed, 
with a eap and pocket-handkerchief over his face. The handkerchief was 
inside the cap, and appeared to have been saturated with chloroform. 
There was a bottle of chloroform near, fi-om which about four drachms 
hod been taken. Autitpgy negative. — Notting Hill Dispensary ; Med. 
Times and Oaz., p. 625, December 14, 18G1. 

lOti. Male, Btulor. Extirpation of an enlarged gland. Before insensi- 
bility was fully induced, the pulse weakened and gradually failed, though 
respiration continued with great regularity. At the end of twenty minutes 
the heart ceased to beat. Autopsii. — Lungs, hver, and kidneys engoi^d 
with blood ; heart small, soft, and loaded with external fat, — ^Hobart Town, 
Tasmania ; Urit. Med. Jour., May, 1862. 

107. Male, intoxicated. Chlorofonn was given to facilitate the reduc- 
tion of a fi-actured ankle. No particulars, — University College Hospital ; 
"Report of the Chloroform Committee," Case No. 89. 

108. Male, above tlie middle period of life. Cancer of the penis, for 
which amputation was to be performed. The gentleman in cha^e of the 
chloroform, considering tlie momentary nature of the operation, purposely 
abstained from giving it as fully as usual, and had removed the cloth con- 
taining it from the face before the operation was commenced. The sur- 
geon now placed his finger on the patient's wrist, and, having ascertained 
that the pulse was good, at once effected the amputation almost instantane- 
ously. The (jassage of the knife through the member was accompanied by 
a start of the patient's body ; the banilage used to coutrol the bleeding waa 
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Q removed, but no blood flowed fi-om the arteries ; he was found to have 
DO pulae at the wrist ; in short, he was dead. — J. lister : Holmes' 
of Surgery," voL v., p. 483, 

109. Female, adult. Chloroform given for painless examinatioii of on 
injured shoulder-joint She yfOB not completely insensible, and died sud- 
denly during the examination. — Bellevue Hospital, New York ; £oston Med, 
and Surg. Joum., March 20, 1862. 

110. Male, thirty-threeyears; healthy-looking. Cauterization of a slough* 
ing sore on the penis. One drachm of chloroform was given in an Inhaler, 
Very restless, resisting the vapor. Another drachm was given, when he 
struggled violently. Suddenly he sank back, with dilated pupils, and pulse- 
less at the wrist The inhaler was removed, and he gasped for breath at 
intervals during half a minute. Cold afifusion, artificial respiration, brandy 
enema, ammonia, pressiu'e over tha cardiac region, etc., produced no eSec^ 
though efforts at resuscitation were continued for more than an hour. 
AiUoijay negative. — Devon and Exeter Hospital, 1862 ; Med. Times and 
Gaz., p. 21. January 7, 1865. 

111. Male, thirty-six yeai-s. Chloroform was given with an Inhaler. 
One draolmi being insufficient, half a drachm more was added, and, aft«r ft 
few inhalations the muscles became rigid and he tried to raise himself in 
bed, when he suddenly fell back, the pulse stopped, and be was dead. — St 
Mary's Hospital, January 12, 1862 ; " Report of the Chloroform Com- 
mittee," Case No. 92. 

112. Female, thirtry-€ight yeoi-s ; weak and irritable. Vesico-voginal fi»- 
tula. Chlorofoim given with an inhaler, to the amoimt of two and a half 
to thi'ee drachms. Six or seven minutes aft«r the commencement of inha- 
lation the muscles became rigid, producing complete opisthotonus and sus- 
pension of respiration. The whole sm-face was pale, lips somewhat livid ; 
pulse imperceptible, though the heart continued to act feebly for some 
minutes after. Artificial respiration for an hour and a quarter ; electri- 
city ; cold affusion, etc, all failed. Aittopinj. — Heart flabby and undei-going 
fatty degeneration, both sides containing dark blood ; Uver and lungs ntnv 
mftl, but much engorged ; brain and membrane healthy. ^ — Guy's Hospital, 
April 11, 1862 ; Med. Tintes aitd Oaz., p. 669, June 28, 1862. 

113. Female, forty years ; removal of a tumor on the lower jaw. Two 
drachms of chloroform were given, in two doses, on a napkin. Insensi- 
bility was reached at the end of six minutes. The tumor was then laid 
bare, occupying four minutes. The patient seemed to be growing sensible, 
and another di-ochm was poured upon tlie napkin. Slie took one inspira* 
tion, when the pulse stopped. The napkin was then removed ; she mode 
three or foui- gasping inspirations, and in half a minute was dead. AiUopsy, 
—Fatty degeneration of the heart — United Hospital, Bath, June 21, 1862 ; 
Med. Times and Oaz., p. 676, June 28, 1862. 

Hi. Male, a soldier ; robust and healthy. After the battle of Hanover 
Coiui; House, May 29, 1862, underwent amputation of the thigh. Opera- 
tion in the open air. He inhaled chloroform very freely, and expired just 
as the operation was completed. He hod lost but little blood.—" Circular 
No. 6, Surgeon-General's Office, r.S.A.," p. 87. 

115. Male, soldier, a prisoner ; had a gunshot flesh woimd of the hip. 
A slight incision for the extraction of the ball was made, October 19, 1862, 
at Hospital No. 6, Fi-ederick, Maryland. The patient expired suddenly. 
AiLlopgy negative.— " Cii-cular No. 6, Surgeon- General's Office, U.S.A." 
p. 87. 

lie. Mole, soldier ; chloroformed October 12, 1862, to undergo omputOf- 
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tion of the right miil<ile and incles fingers. He dfeil in the midst of the 
operation. AiU'ipni/. ^Siight calcareous cleijosits about the ■vaivea of the 
heart— "Cii-cular No. 6, Surgeon-General's Office, U.S.A.," p. 87. 

117. Feoiale, seventeen years ; very nervous. Buffering from an offen- 
Bive, mortifying wound, caused by a foil against on iron roiling. Death was 
produced shortly after the chloroform was administered. AtUoj/sy. — A fee- 
ble, flabby heart— King's College Hospital, August 8, 1862 ; Med. 7Hines 
and Oaz., p. 186, August 23, 1862. 

118. Male, Bist«en years ; suffering with a diseased condition of the 
great toe, necessitating amputation. Chloroform vrnn administered with- 
out an ii^aler. Death occurred five minutes after the commencement of 
inhalation.- — Norwich, England; Am. Med. Times, p. 106, trom Tlie liancel, 
August 23, 1862. 

119. Male, tlurty-tliree years ; the subject of a fistula. His physician 
bad examined the head and heart prior to causing chloroform to be ad<- 
ministered, and found nothing to create doubt Chloroform was adminis- 
tered without an inhaling apparatus Mr. Gaut, of the Royal Fi-ee Hos- 
pital, found the heart and lungs extensively diseased. — Am. Med. Kwies, 
p. 106, from The Lancet, August 23, 1862. 

120. Male, twenty-three years ; chimney-sweep. Abscess in and about 
the knee-joint, necessitating amputation of the thigh. Examination indi- 
cated healthy lungs and heart Chlorofoi-m was given with Snow's inhaler. 
There was a little escitemeut in the first stage, but this soon subsided, and 
the patient passed into a tranquil sleep. Just as the surgeon was pre- 
paring to commence the operation, the patient made a noise as if about to 
vomit, and immediately ceased to breathe. The sounds of the heart could 
not be heard. Tracheotomy at once, and inflation of the lungs with a 
flexible tube introduced through the opening. Stimulants, ammonia, «old 
aSiision, artificial respiration, and electricity, all failed. Autopsij, three 
hours and tliree-quarters after death. — All the internal organs were in a 
state of almost typical health. — Hospital at Stroud, England, October 23, 
18C2; Med. Tintea and Oaz., p. 482, Novemlier 1, 1862. 

121. Male, twenty-three years ; wasted and debilitated. A ooiisiderabla 
quantity of chloroform was given on lint The man moved' the limb 
alightly, and more chloroform was applied, when he suddenly became 
deathly pale, and his pulse ceased.— London Hospital, October, 18G2 ; Jle- 
porl of the Ghioroform Committee, Civse No. 9!). 

122. Feukale, twenty-nine years ; about to have a small tumor of the 
gum (epulis?) removed. About one drachm of chloroform was used. 
Death occurred suddeiJy in less tlian four minutes from the commence- 
ment of inhalation. — London, April I, 1863 ; Jteport of the Chloroform 
Chmmittee. Case No. 102 ; Med. Times and Gaz., p. 441, April 25. 18G3. 

123. Male. Put under chloroform for the reduction of a dislocation ; 
he bore the amesthetic one day very well, but the reduction was not ef- 
fect«<l The next day, when he was only half way under chloroform, his 
death occurred instantaneously, — Guy's Hospital ; Med. Times and Oaz., 
p. 446. April 25, 1863. 

124. Male, twenty-eight years ) intemperate, and in poor health. Had 
taken chloroform without accident four months before. On the present occa- 
sion the anfesthetic was given with an inhaler. The patient had a sort of te- 
tanic spasm, with opisthotonus, and the pulse ceased almost immediately. — 
King's College Hospital ; HeitoH of the Chloroform CoinmUU'.e, Case No. 107. 

125. Male, thirty-one years ; physician. Self-administration of chloro- 
foim.— Loudon ; Med. Timet and Oaz., June 6, 1863. 
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126. Female. Put under the influence of chloroform for the remi 
of a tumor from the back of the neck. The opemtion was skilfuJly , 
formed, but the insensibility of the patient was ho prolonged as to causs 
serious uneasiness. At the end of hfdf an hour a spasmodic action of the 
limbs seemed to indicate that fthe was about to be aroused, but this was 
in fact only a convulsion terminating' in death. ^Lyons, France ; Med. 
Times ami Gaz., p. 237, August 29, 1863. 

127. Male, forty-two years. Two drachms of chloroform were given 
on lint. About one minute after the second drachm was apphed, the man 
struggled and tried to raise himself ; the pulse suddenly failed, and death 
took place immediately, — Loudon Hospital, Seijtemher 23, 1863 
ofthif Chloroform Commiltee, Case No. 103. 

128. Female, sixteen. Died from the effects of chloroform when aboi 
to undergo a surgical operation. — Finsbury Place, London ; Med. 2Vi 
and Gaz., p. 471, October 31, 1S63. 

129. Male, thirty years. Chloroform was given with an inhaler.- 
Qeorge's Hospital, September 24, 1863 ; Report of the Chloroform Committee^ 
Case No. 104. 

130. Female, sixteen years. Took chloroform while sitting on a chair. 
About four drachiiiB and a half were given on a handkerchieL — Salisbury, 
Engkud, November 7, 1863 ; Jicport of the Citloroform Committee, Caaa 
No. 105. 

131. Male, active, prisoner. Death occurred during the pasa^e of a 
catheter while under the influence of chloroform. Half an ounce of chloro- 
form had been given. Death was said to have been caused by syncope. 
Twenty ounces of blood were drawn, without effect. — -Pentridge, Australia ; 
Med. Times arid Gaz.. p. 382, April 2, 1864. 

132. Male, Had been bathing a Umb with a liniment containing 
chlorofona. His vidfe found liim lying dead on the floor, witli the bottle 
and a handkerchief saturated with the fluid, by his side, Avtopsy. — The 
lungs were very much congest«d from the efiiacta of the inhalation of the 
chloroform. — Syracuse, N. Y., February, 1864; Amer. Mud. Times; Med. 
Times and Gaz., p. 382, April 2, 1864. 

133. Fenude, twenty-nine years ; married. Eemoval of a tumor from 
the urethra. Had taken chloi'oform safely lor a similar purpose two years 
jjreviously, — King's College Hospital, June 24, 1864 ; 3fed. Times and Oaz., 
p. 9. July 2, 1864. 

134. Female, of a very nervous t«mperament, placed in a dentist's chair 
to have a tooth extracted. "While much excited by fear, she inhaled chloro- 
form from a napkin. After a short time, she declared she could not take 
it, and snatched the napkin from her face. Without further administra>- 
tion the tooth was easily extracted ; but the jaws were immediately 
clenched, and the head was cb-awn backward. Respiration was arrested, 
the face grew hvid, aud death rapidly ensued, apparently from asphyxia 
due to spasmodic closure of the glottis. The iouic Gpaum of the musclen 
continued until after death. — San Francisco, Cal.; Honlon Med. and SurgA 
Jour., May 19, 1864. 

135. Blale, eight years. "Greatrtoe/;a86." Suddendeath. — St Mary's 
Hospital ; Med. Times and Gaz., August 6, 1864. 

136. Male, soldier. Necrosis of carpal bones. Chloroform was inhaled 
operation, September 3, 1864. Sudden death ensued. Autopsy, — 

Fibrinous coagula iu the auricles. — " Circular No. 6, Surgeon-Qenerall 
Office, U,8.A.," p. 87. 

137. Male, coloneL Excision of a phalanx of the left index 
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Sudden death before the commencement of the operation, Auti:^)»y neg- 
ative, — "Circular No. 6, Surgeon-General 'a Office, U.S.A.," p. 87. 

138. Male, Boldier. Eemoval of ft ball, by incision, from the calf of the 
right leg, November 29, 18G4. Sudden deati.—" Circular No. 6,Snrgeon- 
General'B Office, U.S.A.," p, 87. 

139. Male, fifteen years. Amputation of leg. Everything went on well 
till the completion of the operation, when it wnn found that the circulation 
had ceased. — United Hospital, Bath, October, 186i ; Mvd. Times and Gaz., 
p. 402, October 8, 1864. 

140. Male, twenty-four years ; healthy. Compound fracture of tho me- 
tatarsal bone of the great toe, necessitating removal of a portion of the 
bone. Forty miminiB of chloroform were given with Snow's inhaler. In- 
halation proceeded well fur two or three minutes, when the pulse suddenly 
became imperceptible, and the anffisthetic was withdrawn. After a few 
seconds the respiration became deep and sobbing, and the tongue was pro- 
truded between the teeth. After the cessation of the pulse, respiration 
continued for a full minute, and not until still later did the face become 
congested, or the pupils dilated. Brandy enema, ammonia to the nostrils, 
electricity to the cardiac region, and Sylvesterism for half an hour. Aulopsi/, 
nix hours after death.— Right pleural surfaces everywhere adherent ; both 
lungs healthy ; both ventricles contracted and empty ; some blood in the 
auriclea, especially in the right, valves healthy, no degeneration of tho 
beart-«ubstnnce. Liver and kidneys hj'peraemic ; brain and membranes 
healthy. — Devon and J^bteter Hospital, November 1, 1864 ; Meil. Times and 
Oaz., p. 20, January 7, 18C5. 

141. Mate, private soldier. Gunshot wound of the leg. for which am- 
putation had been performed, September 28, 1864, under chloroform. 
Sloughing of the flap necessitated reamputation. Patient was nervous 
from dread of the operation. Half an ounce of chloroform was given on a 
sponge. Tho patient began to sink about fifteen minutes after tlie com- 
mencement of inhalation, and at the end of five minutes death took place. 
Autopsy. — The heart and lungs were found quite healthy. — Beverly Hospi- 
tal, U.S.A., November 15, 1864 ; Am. Jour. Med. Sci., January, 1805. 

142. Nale, private soldier, expired suddenly, May 13, 1865, wliile in- 
haling chloroform preparatory to a surgical operation. — "Circular No. G, 
Surgeon-General's Office." 

143. Male, fifteen years, a twin. CTdoroform was given on a napkin, 
to the amount of about three drachms. After inhaling quietly for about 
twelve minutes, tlio patient seemed to be insensible, and the operation was 
commenc«d, Simidtaneously with the entrance of the kniie, the boy 
screamed and made two convulsive movements. ITie heart ceased to beat 
almost at the instant of the second spasm. Two or three convulsive res- 
pirations followed the attempts at resuscitation, and then hfe was extinct, 
Aulffpgi/ negative.— Bath United Hospital, 1864; Med. Times and Gaz., 
p. 280,'MArch 18, 1865. 

144. Male. Dislocation of the shoulder, reduced during complef« 
auesthesia. Tlie patient was dead on the completion of tiie o]ieration. — 
Jorjaway, Hopital Beaujou ; Lancet, June 24, 18()5 ; Kappeler : Cose No. 1. 

145. Child two years. Thirty drops of chloroform were given on lint, 
for the removal of a fungus. Death occurred five minutes after the com- 
mencement of inhalotion. — Ophthalmic Hospital ; Bril. Med. Jour., p. 647, 
June 24, 1865 ; Kappeler : Case No. 2. 

146. Female, adult Accustomed to inbnle chloroform for the relief of 
pain. Feeling indisposed, she retired about eight o'clock in the evening. 

11 
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At aix o'clock the next iDoming elie was foiuid dead in liPr bed, with 
handkerchief containing chloroform upon her face. — Anstruther, Scotland 
Med. Timen and Gaz., p. 240, Auguat 2G, 18C5. 

Ii7. Male, four and one-half jears ; pale and sickly, having suffered 
with nephritis and dropsy. Chloi-oforra was given on a clot£ for the 
painless introduction of a catheter. The child cried, but soon became in- 
sensible. The onfesthetic was then withdrawn, and the catheter was intro- 
duced. After this operation the child began to breathe badly, tlie lips be- 
came bine, and the jugular veins were distended. The respiratioii 
ceased, and the pulse stopped. Tickling the pharynx excited a deep ior 
epiration, and tracheotomy was followed by anotiier. Artificial reapiral ' 
and galvano-puncture of the heart did no good. — Hiiter ; Berliner klin 
Wochenschr., December 3, 1865 ; Kappeler; Case No. 3. 

148. Female, seventeen years. Had frequently taken chloroform for the 
painless extraction of teeth. Twenty-five minims were now given on a 
napkin. After a few inhalations the patient became very i-iolent, but she 
at length seemed to be insensible. The dentist then attempted to extract 
the tooUi, but found the jaws clenched. He forced them open and drew 
the tooth. He then went for a glass of water, and, on returning, was 
alarmed by one or two long, yawning respirations. The pupils were di- 
lated, the pulse disappeared, and she was dead. Autopsy. ^-Ijdi side o( 
the heart contracted and empty. Other organs healthy. — Gillespie 
Edinburgh Mifd. Jour., January ISCG ; Kappeler : Case No. 6. 

149. Death from chloroform given for the removal of e ^ _ 
toe-naU. — St. Mary's Hospital, London ; Med. Times and Gaz., p. 107, Jan*, 
uary 27, 1866. 

150. Male, fifty-one years, aural surgeon. Had been esperimentiAg,:i 
with chloroform, with n vievi to the passing of the vapor through the Eus- 
tachian tubes into the tympanum. Was foimd dead upon his sofa with a 
layer of cotton-wool over Ins face. Before him laj' memoranda of the pre- 
vious experiments, and of that which he was then conducting. — London, 
July 7, 1866 ; Med. Times ami Oaz., p. 46, July 14, 1866. 

151. Female, adult. Tooth-extraction. Sudden death, after a few 
spirations of the vapor. — Philadelphia; L't'nion, Jime 1, 1866; Kappeler:^ 
Case No. 4. 

152. Male, twenty-seven years ; laborer, strong and healthy. Chloro- 
form was given on a handkerchief for an operation upon a crushed tmger. 
Soon after the induction of complete an^rsthesia, the patient snored, and 
the pulse disappeared. Artificial respiration revived the ptdse and respira- 
tion, but suddenly they again ceased, and could not be I'e-eicited, though 
every expedient, including electro-puncture of the heart, was attempted. — 
Httter : Berliner Hin. Wochenachr., p' 303, 1866 ; Kappeler : Case No. 6. 

153. Mole, a boy. Lithotomy. Death before the commencement of 
the operation. The heart and lungs stopped almost simultaneously. — • 
Birkenhead, England ; Med. 2'imea and Gaz., p. 560, November 24, 1866. 

154. Male, laboi-er ; much reduced by hemorrhage and septic fevat, 
Amputation of thigh. After a few inspimttouB, before operation could bej 
commenced, he became wildly delirious, and died almost immediately! 
Electricity, artificial respiration, ete., were ineffectual ^Lingen t Petertbi, 
med. Zeitschrifl, xii., Hf t. 2 u. 3, 1867 ; Kiihler, Schmid's Jalirb., Bd. 146? 
Kappeler : Case No. 7. 

155. Male, thirty-five years. Removal of a ligature from spermatic 
cord. Had been twice previously chloroformed — the first time with about 
two ounces, the second time with half an ounce. At the preaent tJmfl 
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about one ounce was given. Inhalation proceeded quietly until the patient 
Bsemed about to become insensible, when he suddenly began to etniggle 
violently, and became stertorous. Convulnive movements, opinthotonus, 
etc., endured for about half a minute, when the piUae stopped. Electridtj, 
ai-titicjal respiration, etc. Left heart cJintracted and empty. Eight heairt 
full of blood. No fatty degeneration. Aorta dilated. CouBiderable in- 
crease of cerebro-spinal fluid, and serous effusion into the arachnoid space. 
— Dubois, New York : Med. liecord, voL ii.. No. 41 ; Sckinid's Jaltrb., Bd. 
145, .1870. 

156. Male, forty-five years. Forreductionof a dislocated thumb. The 
pulse stopped suddenly after inhaling for thi-ee minutes the vapor of one 
draebm from Clover's inhaler. Autojisy gave no information. — Brif. Med. 
Jour., March 2. 18G7 ; Kappeler : Case No. 9. 

157. Male. At first was made to inhale a mixture of chloroform and 
ether, 1 : 2. Respiration was interrupted, necessitating recourse to Mar- 
shall Hall's method of artificial respiration. Thus restored ho was made 
to inliale pure chloroform from a cloth in a paper cone, which finished him 
at once. — Cutter, New York : Med. Record, vol. xxx., p." 138, 1867 ; Schmid'n 
Jahrb., Bd. 145, 1870. 

158. J. B., male, aged sixteen. Sebaceous cystic tumor of the neck, ad- 
hering to the thyroid membrane. Habits intemperate. Subject to faint- 
ing-fits, of which one had occurred ten days before the operation. During 
the course of the operation the patient began to struggle and to vocif- 
erate violently. Operation completed amidst great struggling and resist- 
ance on the part of the patient Hemorrhage thus caused could not be 
arrested until chloroform was again given. Several minutes after tlie com- 
pletion of the operation and Uie withdrawal of the chloroform, the pulse 
suddenly ceased to beat. " Bespiration still continued, but in a, few in- 
atanta it became slower and then stoppeA" Electricity excited a few 
inspirations, but they soon ceased. jUitopnij showed that no air had en- 
tered the veins. No coagula in any of the cardiac cavities. Mitral valve 
somewhat thickened. — Broca: Oax. des H6i)itatix, 125, 1867; Kapi>eler: 
Cose No. 11. 

159. Female, twenty-one years ; strong constitution. Chloroformed, 
July 24, for excision of condylomata of the vuJvo. August 14th, again chlo- 
roformed in horizontal position for the same purpose. A few di-ops were 
plained on a cloth at a distance of three centimetres from the patient's face. 
She had inhaled for less than a minute and a hal^ when she began (o strug- 
gle and t« breathe badly. Tlie chloroform was suspended, though pulse 
and respiration still continued. Suddenly she voided her urine, became 
red in the face, and ceased to breathe. The bea<l was depressed, txtngue 
drawn forward, artificial respiration, etc.. continued for half an hour in 
vain. Aiitopm/ revealed hyperirmia of brain and hmgs ; enlargement of 
three bronchial glands, compressing the pneumogastric nerve ; enlargement 
of the spleen, with increase of the number of white corpuscles in the blood ; 
and fatty degeneration of the hejirt. — De-spris ; Bull, de 'flier., Ixxiii., De- 
cember 30, 1867 ; Kappeler : Case No. 12. 

160. Girl, nine years. Strabismus. Chloroform carefully given till 
one drachm and a half liad been administered, when the pupils suddenly 
dilated, and respiration ceased. Notwithstanding artificial respiration, 
death was complete about two hours later. — University College Hospital ; 
IjancH, June 1, 18()7 ; Kappeler : Case No. 13. 

Ifil. Boy, fifteen years. Operation on the knee-joint. All went well 
till the end of the operation, when the pulse suddenly stopped. Artificial 
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resiiLrtition was maintained for an hour, but without Buocess. — iSoutfa 
Hospital, Liverpool ; Laiwet, Septemher 21, 1B67 ; Kappeler : Case No. li I 

lti'2. A lod^, twenty years ; in apparent good health. Estractioa of 
teeth. Three days previously had taken chloroform, and had six molar 
teeth drawn, without any bad edect. On the present occasion she inhaled 
the vapor of about one drachm of chloroform for a idmiliu- purpose, but 
suddenly she expired. — Dr. C. R. Parke, Bloomington, Illinois: Chicago 
Med. Exam., Januiuy, 18C7. 

163. Male. Ligation of external iliac artery. — Hospital at Torontc^ 
Canada ; Med. News and Library, p. 59, April, 1867. 

16i. Boy, fifteen years. Bemoval of necrosed hone from the stump of 
an amputated thigh. Between two and three drachms of chloroform wera 
used. Autopsy revealed great hj-perwrnia of the lungs and the right side 
of the heart — North Staffordshire Infirmary, March 2, 18G7 ; Lancet, April 
6, 1867. 

1G5. Woman, twenty-one years. In the habit of iuhaling chloroform for 
the relief of headache. "She locked herself in her room and was found. _ 
some hours after, dead, with her head resting upon her hands, which r 
tained a folded cloth and a sponge in contact with the nostrils and moutl] 
She had been dead some hours, and the rigor mortis was marked. 
A half-ounce vial, contauoiug a little chloroform, was found in her bosom.f] 
—Dr. B. E. Cotting: Bouton Sled, and Surg. Journ., Jidy 18, 1867. 

ICG. George Gillard. Deatli from syncope while inliahng cbloroformtl 
— Taunton Hospital ; Lanc<H, May 11, 1867. • 1 

167. John Arnold, eight years. Operation for strabismus under diloiDr] 
form. "About two hours afterward he expired." — Eye Hospital, 
Chester, England ; llrit. Med. Joum., July 13, 1867. 

168. C. 11,, male, forty-six years. Mate of the ship Countess of Setton. 1 
Being unwell, chloroform was administered iu quantity less than usual, as 
the doctor hod examined the patient and suspected a fatty heart. As soon 
OS the patient became insensible his breathing' stopped. Autopsy indi- 
cated death from syncope.— Northern Hospital, Liverpool; Brit. Med. -m 
Journ., May 9, 1868 ; Kappeler ; Case No. 15. J 

169. Qirl, twelve years. In fair health. Caries about the ankle-joint. 4 
After inhahition, from a folded napkin, for three or four minutes, Uie pft-n 
tient seemed to be quite insensible. The surgeon began to explore the 
fistula with his finger, when she awoke and cried out grievously. Be^i- 
i-ation and circulation were regular and rigorous. The napkin was again 
applied to her face. After a few minutes the pulse suddenly fell about 
fifteen beats and became very weak. The patient again cried out and be- 
came pale, the eyes rolled up, the pupils dilated. Respiration was stertor- 
ous, then sighing, finally ceased. Autopny. — Brain and its membranes 
free from congestion. Lungs, especially the right lung, full of dark blood. 
Pericardium loaded with fat Heart normal, both sides containing liquid J 
blood, small clots on right side ; right ventricle thin and fiaccid ; lefu 
venti-icle contracted and nearly empty ; valves healthy ; large fibrin-clotS^ 
entangled behind the mitral viUve and the right auricijo-ventricular op^k- ' 
ing. Patient had been successfully anaesthetized four days prerioualy, uain^ 
two ounces of chloroform. — Cowling, Philadelphia : Med- and Surg, Hep., 
voL xviii., 6. p. 113, 1868 ; Kappeler : Case No. 16. 

170. Male. Iridectomy. Had inhaled the vapor of an ounce. Stage 
of excitement was passed, but the pat.ient was restless, rendering the con- 
clusion of the operation difficult Suddenly he became pale and pulseless, 
and died. Avtcfpsy. — Complete adhesion of the pleural surfaces on Uie 
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right Bide. LimgB and air-paaaages engorged with blood. Heart large, 
flaccid, not fatty, containing considerable liquid, dai'k red bloocL — C. 
KrUger : Der Chioroformlod, Diaaert. Berlin, 18G8 ; Eappeler : Cuse 
No. 17. 

171. Male, twenty-six years, laborer. Aniemic from loas of blood ; 
probably intemperate. Had wounded the palm of his left hand, cutting 
an artery with a fragment of broken pottery. Chloroform given with E!b- 
morch's inhaler. Five minutes after commencement of aneestheaia, patient 
experienced convulsive twitchinga throughout the whole body. Inhalation 
waa intermitted for a moment, and then reaumed for the puipoee of effect- 
ing complete muscular resolution. Thia eoon followed, and on examina- 
tion of the wound it was discovered that hemorrhage had ceased, though 
compression of the arteries had been discontinued. The patient, who was 
in a semi-recumbent position with his head drawn backward, exhibited 
pallor of the countenance, blueneaa of the hpa, and feeble respiration. The 
mouth was forced open and the tongue drawn forward. Although the 
pulae was scarcely perceptible, the respiratory movements were diatincti 
though irregular and weak. The heart ceased to beat in spite of tracheo- 
tomy and artidcial respiration for half an hour. Autopsy. — Very omemic 
Heart contracted. Meningeal oedema. Ossification of huryns, and contrac- 
tion of vocal cords. Cheesy tubercle in both lung-apices, and in one a 
small cavern. Bight kidney contracted, — Billroth: Wvmer medii. Woch- 
erteckr., No. 46, 1868 ; Kappeler: Caae No. 18. 

172. Male, twenty-eight years. Amputationoffingerforarecent injury. 
On« drachm inhalet] from a cloth. Patient became violently convulBed, 
and the heart ceased to beat Tubercle at the base of the brain. Heart 
fatty and flaccid. Liver heavy and soft. — Essex Lunatic Asylum, Worley ; 
Brit. Med. Jour., July 25, 1868 ; Kappeler : Case No. 19. 

178, Female, thirty-live years ; healthy, mother of three children. Had 
inhaled chloroform six months previously for tooth- extraction, and now 
desired to repeat the inhalation for the same reason. "The dentist poured 
about two drachms on a arrange, and held it a short distance from her face. 
After she Inwl made three or four inspirations her respirafion ceased, and 
she became pulseless." Artificial respiration and stimulation of the cuta- 
neous surfaces produced no eiTect whatever. — Dr. B. F. Brown, Oneida, 
Knos. Co., m. : Chicago Med. Examiiier, June, 1868. 

174 Ciiarles S., thirty-one years. Prolapsus of the rectum and hemor- 
rhoids. Chloroform given, one drachm on a napkin, to facilitate the re- 
placement of the tiunor. Patient appeared to be in good health, heart and 
lungs sound. After inhaling for two minutes, as the parts were stil] pain- 
ful, another drachm was given. "Very soon the patient had the usual 
Bpasm, and in about thirty seconds the muscles began to relax " and the 
chloroform was discontinued. Pulae normal, breathing sUghtly noisy, face 
livid. Patient was turned upon his right aide to facilitate the operation, 
but in one minute he had ceased to breathe, and the pulse had stopped, 
vhUe the veina were distended, and the face was of a dark, hvid color. 
Efforts tor hia resuscitation caused three or four long, full inspirations, but 
the heart remained motionless. Axilopxy. — Serous exudation beneath the 
arachnoid ; venous hypenrmia of the brain and choroid plexuses ; ventricles 
empty. Heart empty and its structure normal. Lungs healthy, and ex- 
hibiting a certain amount of hypostatic congestion. — Dr. E. A, Clark, 8t 
Louis Hospital ; Hu-mboldt Med. Archivefi, November, 1868. 

175. Male ; aatlimatic. In the habit of inhaling chloroform for the relief 
of asthma, was found dead in hia bed, with a vial of chloroform beside him, 
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He had appiircDtly taken a little over an ounc 
viTiCuil Med. Jovr., November, 1868. 

17G. Male, forty years. Amputatiou of thigh for inflammation of knee- 
joint. Inhalation from a toweL Amputation eucoesafully perfoiToed, and 
the fljueathetic waa discontinued, patient breathing weU, and hia pulse 
good. Three or four minutes later the jaws were firmly clenched, the 
reflpirutioQ became stertorous and gasping, pulse very small, skin covered J 
with clammy perspiration. The jaws were forced open, tongue drawn for--'! 
ward, artificial' respiration performed, but all in vain. Death occurred^ 
about ten minutes aft«r the first alarming symptoms. Autopsy, thirty 
hours after death. — Heart- substance, valves, and aorta were healtliy, cavities 
empty. The lungs, stomach, spleen, intestines, and kidneys were all 
heathy, but pale. The braio was pale, and ite blood-vessels were empty. 
—Dr. W. B. Slayter, loc. cU. 

177. A death occurred at Wrexham, from chloroform inhaled " for uv"] 
operation for fistula." — Med. Presa and Circular, November 11, 1868. 

178. Mrs. Adams, thirtj'-three years. Tooth-extractioa. Every pre- 1 
caution had beea taken, " her own attendant and another medical man b»<f 
ing present." — Afed. Fressaixd Circular, November 11, T 

179. A druggist, who was in the habit of taking chloroform to relieval 
pain in his face, was found dead in the evening, with a handkerchief in hisi 
right hand, and on empty chloroform phiaL — London ; Brit. Med. Jour., ■ 
December 19, 1868. I 

180. Male, fiity years ; had been discharged from an insane as^'luma 
after treatment for a year, though still complaining of headache and buz&<1 
ing in the ears. Twenty drops of chloroform were given on cloth. Opeiv'l 
ation, castration. Having inhaled that amount, wlule a second dose wwil 
being poured out the pulse suddenly failed and the man was dead. Arti- 
ficial respiration by Sylvester's method, and electricity, employed for an 
hour, produced no effect A vein was opened, but only an ounce of dark 
red blood could be forcibly pressed out of the resseL Autopsy. — The ves- 
sels of the brain and of ite membranes were charged with liquid blood. 
Meninges thickened and adherent ; efiiision into the cavity of the aracl^ J 
noid. The heart was dilated, fiaccid, fatter than normal, ite walls dail^ 
red, and its cavities filled with blood of a similar color. Tlie pleural mem*! 
branes were also in an unhealthy condition. — J. Alexander Ross: Med,m 
Ti7iies and Gaz., No, 27, p. 624; Lancet, p. 506, October, 18G9 ; Kappeler: 
Case No. 20. i 

181. Male. Lithotemy. After the e^cpiration of eighteen minutei^^ 
while the operator was preparing to close the incision, the pulse suddenly 
weakened, the respiration grew feeble, the jaw fell, and the countenance 
indicated collapse. In spite of every effort, circulation and respirotdon 
ceased about one minute later. Faradization of the phrenic nerve pro- 
duced no eSect. — Jacobson: Vcierlcrift for Laeger, R 3, Bd. 8, S. ^05;J 
Constatt's Jahresbericht pro 18G9 ; I^ppeler : Case No. 21. W 

182. Female, thirty-nine years ; anientic. Skinner's inhaler was usecL.l 
Extirpation of mahgnant tumor of the lower jaw by galvano cautery^ 
Thirteen minutes after the commencement of inhalation, during the finJ*' 
application of the cautery, she suddenly died- Electricity, mouth 1 
mouth insufflation, Sjlveaterism, were all without effect. A utimsy. — A !« 
tumor existed ; larynx and upper part of trachea were filled with bloc 
mucus ; heart empty ; limgs pale and emphysematous. — Monckton : BrU, 
Med. Jour., December 11, 1869 ; Kappeler; Case No. 22. 

183. Female. Tooth-extraction. Three teeth were removed while 
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under the influence of chloroform. Ou awakening blie insiHteJ on being 
again chloroformed for the removal of three remaining etumpa. This 
done, and the operation being completed, it was remarked that re^spiration 
had almost ceoited. The head was bent forwnrd, to permit the escape of 
blood from the mouth, and artiflciol reopiratioa was undertaken, but in 
^■ain. — Cotton : Boston Med. and Surg. Jour., September 23, 1869 ; Gaz. 
kabd., September, 1870 ; Kappeler : Case No. 23. 

1S4 Boy, twelve years. lieduction of a dislocation of the hip-joinL 
Two drachms on doth. After antesthesia had continued for twenty min- 
utes, while the surgeon was endeavoring to effect reduction, the pulse 
weakened, and the patient died immediately. — Devenall-Davies : Brit. Med. 
Joui-n., October 16, 1869 ; Gai. hebd., September, 1870 ; Kappeler : Case 
No. 24. 

18fi, Male, twenty-five years. Amputation of finger. Small quantity of 
chloroform. Sudden death. Autopsy. — Fatty degeneration of the heart; 
rupture of the spleen; considerable blood in the peritoneal cavity. — Austral. 
Med. Oaa. ; Med. 2Vnies <md Gaz., September 18, 1869 ; Gai. hebd., Septem- 
ber, 1870 ; Kappeler : Case No. 25. 

186. Male, a chemist Bemoval of diseased bone from leg, Very timor- 
ous, yet desirous to inhale chloroform. Heart and lungs were examined, 
and pronounced healthy before inhalation. A small quantity only was 
given. Three minutes after commencement of inhalation, the patient 
died. Aut^sy. — Paralysis of the heart — Brit. Med. Journ., February 20, 
1869 ; Med. Press and Circular, February 24, 1869; Kappeler ; Case No. 26. 

187. Female, married, fifty-two years. Inflamed biu^ic patella. One 
of these was ruptured by a blow, causing the loss of a large quantity of 
blood. The parts sloughed. September 12th, alight return of hemor- 
rhage. It was determined September 15th, to cauterize the wound with 
uitnc acid. Skinner's inhaler was used, with about two drachms of chloro- 
form. After inhaling for three or fotu* minutes, the stage of excitement 
commenced, lasting three minutes longer. The patient Uien died instan- 
taneously. Artificial respiration by the methods of Marshall Hall and 
Sylvester were tried without success. The patient inspiretl only twice. 
Electricity was also used without effect No autopsy.— Johnson: Brit. 
M^.Jourjt.. October 2, 1869 ; Kappeler: Case No. 27. 

188. A deatli from chloroform. — Hanley Infirmary ; Med. Titnea and 
Oaz., September 18, 1869. 

189. A lady, mother of eight children. Epithelioma of the tongue. 
Chloroform inhaled from a pint bottle containing two ounces of the antes- 
thetic, in which was immersed a coll of paper. Patient vros quickly exhil- 
arated. Anaesthesia being imperfect, chloroform was poured upon a napkin 
held before her face. This speedily produced profound anresthesia. Chloro- 
form was then withdrawn, and Uie operation was commenced. After a 
long and difficult operation, just as the surgeon waa about to stitch the 
wound, tlie patient "suddenly fainted," and never breathed again. — 
Squibb : New York Pathological Society ; Med. Record, May 1, 1869 ; 
Kappeler : Case No. 40. 

190. Girl, six years. Strabismus. Chloroform was given at the New York 
Eye and Ear Infirmary ; at first, one drachm on a napkin. A second drachm 
was also given in like manner. The internal rectus muscle was divided 
before the patient was fully ansesthetized. Chloroform was tlien withdrawn. 
The child had been quite restless during the operation, and ceased to 
breathe a few moments after its conclusion, fifteen minutes after the com- 
mencement of inhalation. Aalopty, eight hours after death. — Bight side of 
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tlie heart filled vrHh dark fluid blood. Kidneys and Bplcen enlarged. 
Ovaries were " respectively the size of a kidney bean." Lun^ collapsed 
and compai-atively ttpicmic. — FiimeU i New York Med. Hecord, May 1, ' """ 
Kappeler: Case No 41. 

191. John Gray, forty-seven years ; drunkard. Chloroformed, July 1, 
168, by Dr. F. Hillar, Virginia City, Nei-aila. Fracture of the head and 

ne<!k of the humerus sis days before. " Nearly ten drachms of chloroform 
were given in as many minutes, when the pulse failed and respiration 
ceased. Water was dashed in the face, artificial respiration instituted, and 
the patient bled," but in vain. The veins of the head and neck were 
greatly distended. Autopsy. — Brain healthy. ^ — Heniy Gibbons, Jr. : Pacific 
Med. and Surg. Journ., June, 1869. 

192. A lady, San Francisco, 1868. Death before or during the opera- 
tion. — Henry (iibbons Jr. : Pacific Med. and Surg. Joum., June, 1869. 

193. A robust soldier. Amputation of a portion of one hand for a gun- 
shot wound received before Atlanta, Oa., 1863. After about sis inspiiA- 
tiona of chloroform vapor, his breathing became labored and stertorous, 
the pulse ceased, and in a few moments he was dead. Aulopsy revealed 
nothing. — A. T. Hudson : Pacific Med. and Surg. Joum., July, 1869. 

194. A vigorous male, forty years ; somewhat addicted to hquor. Fell, 
while intosdcated, and dislocated bis Bhoulder, 1855. Three days later, hav- 
ing liecome quite sober, chloroform was administered on a sponge, Anses- 
thesia Bupen'ened aft<?r a few inhalations, and the head of the huwema 
was readily replaced in its socket. The face immediately became livid, 
and death followed at once. — A. T. Hudson : loc. cil. 

195. Male, middle-aged ; aniemic. Preparing for amputation of the 
leg on account of caries of the ankle-joint. Chloroform inhaled from a 
towel. After one minute the estremities were convulsed. His condition 
now became so alarming that the inhalation was suspended, and his 
head was lowered. The face became hvid, the pupils dilated, the lower 
jaw fell, and, after four or five convulsive inspirations at long intervals, he 
ceased to breathe. The action of the heart "was maintained for forty 
minutes."^ Cook County Hospital, Chicago ; Chicago Sled. Journ., August, 
1869. 

19C. A lady died in New York, December 3, 1869, from the inhalation 
of chloroform, which she was in the habit of taking for the rehef of head- 
acha — Jlonlmi Med. and Surg. Journ., December 9, 1869. 

197.— Female. Prolapsus uteri. Death from chloroform during the 
operation. Axdopsy negative. — Lying-in Hospital, London; BriL Jted. 
Joum., November 26, 1869. 

198. Male, forty-two years. Fracture of both bones of left leg, Janu- 
ary 19, 1869. Six days later, tetanus. Next day chloroform was given to 
relieve the tetanic spasm. After a few inspirations the pulse stopped, and 
the patient seemed to be dead. Artificial respiration and drawing out the 
tongue resuscitated the patient, who was then transferred to his bed. But 
a moment afterward he suddenly ceased to breathe, and could not be agaia 
revived.— 8. Labb6 : Joum. hdxlom., April 30, 1869. 

199. A young man. Necrosis of femur. Had taken chloroform a 
month previously without unpleasant effects. He died on the operating 
table while inhahng chloroform preparatory to an operation. Aulopsr/, 
twen^-four hours after death. — General visceral hyperemia. Rigor mortis 
very shght. Eecent endocarditis had roughened the mitral and aortic 
v.Tlves, and had thickened the chord.'* tendime. Extensive granular de- 
generation of the muscular substance of the left ventricle. — Middlesex 



I 



^ 



DEATH DUBING THB HTHALATIOIT OF OHLOBOFOSM. 169 

Hospital ; 3fed. Times and Gai., January 1, 1870 ; BrU. Med. Joum., Janu- 
ary 8, 1870 ; Kappeler : Case No. 39. 

200. Boy, fourteen yeara. Necrosis of the tibia. Had safely inhaled 
chloroform on a former oce-asion. Chloi-ofoi-m was administered December 
23, 1860, for the purpoae of an operation. During the operation patient 
began to vomit, became livid, and after one or two minutes Ms reepira- 
tion ceased, and his pulse stopped. Autopay exhibited nothing, except an 
enlargement of the hver. — Lincoln County Hospital ; Brit. Med. Jour n., 
January 8, 1870 ; Kappeler : Case No. 38. 

201. Male, forty-two years; careworn appearance. Stricture and stone in 
the bladder for five years. Chloroform was given with Clover's inlialer, for 
an exploratory operation. The vapor of thirty minims was mixed with each 
thousand cubic inches of air. After breathing for five or six minutes, the 
patient became insensible and stertorous. Pulse at first 84, then 92. Dur- 
ing the introduction of the sound, breathing suddenly ceased in inspiration, 
and the puke at the same moment became imperceptible. Sylvesterism for 
twenty minutes, and faradization of the phrenic nerves, accomplished noth- 
ing. Autopni/. — The rightside of the heart was filled with dark blood; left 
aide nearly empty. The walls of the heart were loaded with fat, and there 
was considerable interstitial (aL The valves were healthy, but the aorta 
was atheromatous. Lungs healthy. In the bladder a calculus. — Marshall : 
Brit. Med. Joum., p. 493, May 14," 1870 ; Kappeler: Case No. 28. 

202. Female-servant, twenty-four years. Had been successfully chlo- 
roformed four months previously. Anchylosis of knee-joint, requiring 
forcible extension. Esmarch's inhaler. Patient was lying on her back, 
and quietly inhaled the ameathetic until insensible. The operation was 
tiien commenced, but was scarcely half completed when the respiration 
became irregular. Artificial respiration and catheterization of the larynx 
restored tha patient for one minute, and Billroth was about to resume 
his operation, when respiration again became irregular. Tracheotomy and 
electro-puncture escited occasional respiratory efforts for about twen^ 
minutes. Venesection was also tried, but without good result. Aalopsy. 
— Vegetations upon the mitral valves. Muscular substance of the heart 
yellowish and soft. — Billroth : Wiener med. WorhetiKchr., November 16, 
1870 ; Brit. Med. Joum., March 12, 1870 ; Kappeler : Case No. 29. 

203. Female, married, twenty-two years ; emaciated. Ovarian tumor, 
carcinoma, large as the pregnant utei-us at tha sixth or seventh month. 
Chloroform given on a towel. As the operator introduced his hand into 
the peritoneal cavity, the patient suddenly vomited, the pupils dilateil, the 
countenance grew pale, and the respiration, which hod been quiet and nat- 
ural, now ceased. Partial restoration followed the attempt at artificial res- 
piration and traction of the tongue, but patient soon passed into collapse, 
ond died. J ii(rtpny negative. — Sir J. Y. Simpson, Edinburgh : Brit. Med. 
Joum., February 26, 1870 ; Tjinr-et, same dat« ; Kappeler ; Case No. 30. 

204. Female, thirty-one years. Amputation of tlie foot by Syme'a oper- 
ktiott, on account of fungus hiematodes. Less than two drachms of chloro- 
form were used. The foot had been removed, and the stiunp was being 
dressed, when the patient, who had exhibited no disturbance of circulation 
or respiration during inlialation, suddenly ceased to breathe. Electricity, 
etc., were employed witliout result. Aulopsy. — Slight fatty degeneration 
of the heart. — Dawson, Cincinnati Hospital : Cincinnati Med. Repertory, 
November, 1870 ; I'liiladnlphia Med. and Sarg. Bep., p. 474, December 10, 
1870 ; Kfti>peler : Case No. 31. 

305. Malcj elderly, had been previously chloroformed without harm. 
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Inbaled a very Bmall quantity with an inhnlEir. Great oxcit«niC'nt followed 
and the pulstj suddenly ceased, tliough ro§pirfttion continued for sometime 
longer. Aulopsi/.^Heart, empty, thin, and flaccid ; had undergoiie fcttj 
degeneration, — Ophthalmic Hospital. Moorfielda ; Jirit. Med. Joum., p. 441, 
April 30, 1870 ; Kappeler : Case No. 32. 

206. Male, farmer, aixty -eight years. Chloroformed January 11, 1870, 
for partial amputation of the foot, on account of disease of the bones. 
After inhaUng about one drachm, the patient l>ecame rigid, and the heart 
Btopped. Artiticial respiration for three-quarters of an hour availed nought 
—New York County Hospital ; Brii. Med. Joum., January 22, 1870 ; Kap- 
peler : Case No. 33. 

207. A boy, scrofulous and nuafmic. Chloroformed witJi Clover's in- 
haler, for amputation of the thigh. Two minutcH after the completion of 
the operation and the removal of the inhaler, the patient suddeuly became 
pale, and the heart ceased to beat Death was attributed to shock isUier 
than to chloroform. — University College Hospital ; Laticet, April 23, 1870 ; 
Kappeler : Case No, 34. 

208. Boy, eleven years. Operation for a traumatic cat&ract. Amesthe- 
eia did not reach the stage of complete muscular resolution, though two 
drachms were given. The oiieration, however, was successfully completed, 
but about ten minutes after its commencement, respiration became disor- 
dered, the pupil of the sound eye dilated, and the pulse was lost. Artifi- 
cial respiration was for a time BucceBeful in excitiing' imperfect att«mpts at 
respiration, and the heart again began to beat, but the patient once more 
passed into a state of collapse and died, notwithstanding the attempt at 
resuscitation was prolonged for three-qiiai-ters of on hour, Autofisif. — 
Meninges bloodless ', cerebral substance charged nith blood ; trachea con- 
tained frothy mucus, and the mucous membrane was reddened, tipper 
lobes of lungs of a clear vermilion color ; lower lobes uedematous, en- 
gorged with blood. In the large vessels throughout the body tlie blood 
was dark and fluid. Left ventricle contracted ; right, flaccid ; liquid blood 
iu both. Microscopic eiominatiou of the blood, negative. — Blodig : Wietwr 
meU. HWiCTutt'Ar., No. 60, 1870 ; Kappeler: Case No, 85. 

209. Male, twenty-eight years, robust. Fistula in ano. Patient inhaled 
the aniPsthetic, lying on his left side, llie pulse was good. After the 
operation, which had not required more than Uii-ee minutes, he was placed 
upon his back, when ho ceased to breathe, and his face became livid. The 
heart continued to beat feebly but regularly. After artificial respiration he 
breathed naturally for a few seconds, then both respiration and pulsation 
ceased together. Ai-tilicial i-espiration was continued forty minutes longer. 
A idopny.— The heart weighed fourteen oimees. The left ventricle waa full 
of dark, fluid blood ; its walls were pole and flabby ; the heart-subetaaoe 
was fatty. The lungs were hyperremic and cedematous. Blood every- 
where Uquid, l^ulmonary artery distended with blood. Spleen large and 
soft. OUier organs healthy. ^London Hospital ; Lancet, December S4, 
1870 ; Kappeler : Case No. 3(i. 

!ilO. A student, nineteen years. Inhaled two drachms from a towel, 
for a slight but painful operation. The patient passed quickly into a Btato 
of violent ezcit«ment, requiring restraint. Half a minute afterward be 
became insensible, and the operation was perforuied. The pulse suddenly 
weakened, and death followed. J ufci;)f^.— Dilatation of the heart, aim:! 
great thinness of its walls.— Hitchings : New I'ori Med. Journ., T" 
1870 ; Kappeler : Case No. 37, 

311. Idaie, forty years, labotex. Am^latioo. oilaift-arm. 
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given on a hancikercbief, drop by drop. After a few minutes tlie patient 
beuame talkative, then violent, requiring restraint. Thia was followed by 
general niuBcular rigidity and retraction of tlie head. The amtiethetic was 
discontinued, but the pulse began to fail, became imperceptible, and after 
one or two inspirations the patient waa dead. Autiipg'j, live hours after 
death. — Lungs healthy. Yellow serum in pericardial sac. Right side of 
the heart greatly distended with dark, liquid blood. Base of the heart 
loaded with fat I^eft side of the heart empty. Valves normal. Heart- 
aubstanco normal to the eye, but soft and yielding hke tallow imder the 
finger. The microscope revealed extensive fatty degeneration of the walla 
of both ventricles. — Miner: Buffalo Med. Journ., and New York Med. 
Journ., April, 1870 ; Kappeler ; Case No. 42. 

212. Female. Ovariotomy. Autopsy, negative. — Alloa: BrU. Med, 
Journ., pp. 164 and 199, 1870. 

213. Boy, eight years. May 31, 1871, dressing a bum. During the 
operation was lying on his belly. Sespiration ceased one minute after the 
cessation of inhitlatiou. Artihcial respiration for three-quarters of an hour. 
Faradization of the plirenic nerve. Aulopsy. — Brain healthy ; lateral ven- 
tricles dist«nded with liquid. Blood fluid. Left ventricle contracted. 
Collapse and emphysema of lower lobes of lungs ; pleural surfaces adher- 
ent over upper lobes. Hypenemia of tracheal mucous membrane ; rusty- 
oolored froth in smaller bronchi. — Watson, Great Northem Hospital ; 
BrU. Med. Journ.. p. 016, June 10, 1870, and p. 041, June 17 ; Kappeler: 
Caee No. 43. 

214. Yomig woman. Extraction of teeth, Maich 19, 1870. Had taken 
chloroform one week previously, but without effect. On the present occa- 
sion, after extraction of three teeth, it waa discovered that she waa dying, 
and she soon expired. — Miller, Accrington : Brit. Med. Joum., April 2, 
1870. 

215. Female, married, thirty-sixyears; GreatBarrington,Mafl9. Wished 
to take chloroform for the extraction of twelve teeth. The autesthetic waa 
inhaled from a napkin. The first four teeth were extracted before the pa- 
tient waa completely insensible. A httle more chloroform was then given, 
and all the teeth were removed. There were no unfavorable symptoms 
tintil after the operation had been concluded. She then vomited, seemed 
to suffocate, and died immediately. Her medical attendant, who hod given 
the aniesthetic, was supporting her head, with hia finger upon the tem- 
poral art«ry, and remarked no symptom of danger until the artery ceased 
to pulsate. A moment later she ceased to breathe. Artificial respiration 
for three-quarters of an hour did no good. — Denial Conmos, April, 1870. 

21G. Male, sisty-five years. Died " during inhalation of chloroform at 
Decr Island." — Bonlon Med. and Surg. Joum., April 14, 1870. 

217. Male, forcible estension of the knee-joint. One month previously 
bad inhaled chloroform almost every day. He now inhaled one drachm 
aodahalf, and died in three-quarters of an hour. — lii-it. Med. Joum., p. 42G, 
April 2fi, 1871 ; Kappeler : Case No. 44. 

218. J. C, male, forty-two years. Vesical calculus. Clover's inhaler. 
Pulse and respiration stopped together. J u/ojw;/, ^Heart relased, but not 
distended ; valves normal ; fatty degeneration. — University CoUege Hospi- 
tal ; Bril. Mud. Journ., p. 493. May 14, 1870, 

219. Male, elderly, April 12, 1870. Pulse ceased several seconds before 
death. A titi>pii>/ — Heart thin, empty and flaccid on loft side ; loaded with 
fat ; walls iu a state of fatty degeneration. — Moorhelds Hospital ; Bril. 
Med. Journ., p. 441, April 30, 1870. 
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220. Male, tMrty-four years. AmputetioB of finger. Chloroform gi' 
on lint— .Brrt. Med. Joum., p. 338, Septeniljcr, ISTU. 

221. Mule, joung merchant. Removal of a cystic tumor over the left 
eye. Operation nearly completed, when patient threw back his bend, his 
neck became stiff) and he gasped. Id half an hour he was dead. Verdict. — 
Paralysis of heart. — Chicago ; Boston Med. and Surg. Joum., Septembes-. 
8. 1870, from Bonton Daily TramcHpt. 

222. Boy. Amputation of thign. Syncope. — TTniverait^ College H< 
pitftl ; Ijancet, 1870. 

223. Male, forty-two years. Disease of the right foot Chloroform 
being administered, when he sank and died in a few minutes. Autopsy. 
Diseased beail and kidneys. — Royal Infirmai;y, Liverpool ; Med. Times ai 
Ga2., August 20, 1870. 

224. Young lady. Tooth extraction. — Hughes-Bennett Edinburgh 
Brit. Med. Joum., October 1, 1870. 

225. Male, forty years. Inhalation of chloroform preparatory to 
amination by one of the ablest surgeoua of Boston. — BoDlon Med. and Surg. 
Joum., December 15, 1870. 

226. Dislocation of the shoulder-joint. Death. — Yokohama, Japan 
Med. Timeii and Gaz., October 8, 1870. 

227. Dislocation of the aliotdder. No organic lesion discoverable 
death. The patient died during the attempt at reduction, ^Edinbttr^l 
Royal Infirraaiy ; Brii. Med. Joum., pp. 259, 289, March. 1881. ' 

228. Male, fifty-two years, healthy. Iridectomy. One drachm and 
half of chloroform given on a flannel cone. After Uie operation vnts ended, 
the breathing became suddenly stertorous ; coimt«nance livid, and sterno- 
cleido-mastoid muscles rigid. Sylvesterism at first seemed to give reliet 
but all the previous symptoms were soon renewed, and death occurred. — 
WestminBt^r Ophthalmic Hospital ; Lancet, January 28, 1871 ; Kappeler : 
Case No. 4G. 

229. Male, forty-seven years ; reduced in vigor by a compound fracture 
of the leg three weeks previously. Three drachms were given on clotli, 
preparatory to amjiutatioa. This produced great excitement with a wed, 
and rapid pulse, almost imperceptible at the wrist. Respiration ceai 
while tiie heart was yet beating. Artificial respiration and electricity 
stored the patient so that he could swallow a spoonful of brandy, and reply 
to a question. He speedily relapsed, however, and soon dieiL— SjWester- 
BrU. Med. Joum., p. 426 ; Kappeler : Case No. 45. 

230. Iron-merchant, fifty-three years ; healthy, but accustomed to 
drink. Tlie fall of a piece of iron fractured the first and second toee, ne- 
cessitating amputation. Had been previoiisly chloroformed with success. 
Chloroform was given on a cloth, at first without effect hut aft«r five min' 
utes he became excited. This condition lasted two minutes. He then be* 
came quiet At the commencement of the operation there was a convul- 
sive movement. The pulse then suddenly stopped, and not more than one 
inspiration followed. Artificial respiration and electricity for twenty min- 
utes did no good. Atiiapny. —Grtai hyperemia of the lungs and respi- 
ratory passages. Left ventricle flaccid and somewhat dilated, its muscu- 
lar substance softened and somewhat degenerated. Eight ventricle 
distended with blood. Liver, fatty. Kidneys, bypenemic. Mucous sur- 
face of the stomach somewhat ecchymoaed. — London Hospital ; Brit. 
Med. Joum., December 2, 1871 ; Kappeler : Case No. 47. 

231. Male, thirty-seven years; tolerably vigorous. Radical cure for 
hernia. Chloroform given on a towek Patient hod been somewhat ad^ 
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dieted to drink, anil was very anxious, but passed into a condition of nor- 
mal anesthesia. Tlie lieart and lungs stopped simultaueously at the first 
incigion. SylveBterimn and electricity were tried for half an hour without 
effect. The jugular vein was also opened. Aulopei/. —Chronic indamma- 
tjon of the dura mater. Fatt; degeneration of left ventiicle and septum 
cordis ; walls of right ventricle thin. Kidneys, fatty. Lungs, hypenemic. 
Liquid blood in both sides of the heart Chemical analysis failed to tlis- 
cover chloroform either in the blood or in the liver. —Pirie, Aberdeen 
Boyal Infirmary ; Bnt. Med. Journ., July 29, 1871 ; Kappeler : Case 
No. 48. 

232. Female, forty-eight years. Operation on the knee. Less than a 
drachm had been given when death occurred.— AitstixUian Med. Gaz., July, 
1871. 

233. Male, very robust. Inhaled chloroform for the reduction of nn 
old dislocation of the shoulder. During the stage of excitement death oc- 
curred. Artificial respiration, electricity, etc., produced three or four in- 
spirations, but the heart remained motionless. Autopsy. — Dilatation and 
fftttj degeneration of both aides of the heart. — Gillespie ; £rU. Med. Jourrt., 
March 18, 1871 ; Ksppeler : Case Na 4!). 

234. Male. Fistula in ano. About halt a drachm of chloroform was 
given on a cone of lint. This was repeated till he bad taken three or four 
drachms without producing complete insensibility. ClJoroform was then 
withdrawn, and the patient was laid upon his side for the operation, when 
respiration and the pulse immediately stopped. Extraction of the tongue, 
artificial respiration, cold sprinkling, ammonia, etc, seemed to renew the 
reepiratorj' movements for a very short time, and then death occurred. 
Autopify. — All the internal organs were healthy, but greatly loaded with 
fat — Withers, Salop Infirmary ; Brit. Med. Journ., March 2(>, 1871 ; Kap- 
peler : Case No. 50. 

235. Lieut-Col. Rogers, R A., fifty years ; a vigorous man. Compound 
fracture of leg, and dislocation of ankle. The bones had been set but it 
was decided to give chloroform, and to readjust the fnn-tured limb. A 
drachm and a haJf was inhaled from a handkerchief. Four minutes after 
the beginning of inlialation excitement liad ceased, and the operation was 
commenced when alarming symptoms appeared. The tongue was with 
some difficulty drawn out between the clenched jaws, and after forty min- 
utes of effort at restoration the action of the heart and lungs were estab- 
lished. But suddenly they ceased to move, and the patient could not be 
again revived— Miles : Lancet, May 20, 1871 ; BrU. Med. Journ., p. 538, 
Biay 20, 1871 ; Kappeler : Case No. 51. 

28fl. Female, forty-eight years. Iiong time sufferingwithsyphiliticulcer- 
ation of the leg. April 26, 1871, she hod taken chloroform for u preliminary 
operation. This had been followed by vomiting for three days. Had two 
rigors, and a high temperature ; took scarcely any food, and was supported 
by nutritious enemata. May 3d, chloroform again administered. Before 
InBeneibility was reached, she made a convulsive movement and turned 
suddenly livid. At this moment her pulse beat very rapidly, and then 
ceased altogether. Artificial respiration, cold sprinkling, and bleeding 
from the jugular vein only escited one or two gasping respirations. Ex- 
amination of the eyes with the ophthalmoscope after death, showed great 
distention of the retinal veins. Autop«>/. — Luags dark red, and diminished 
in weight The venous system was much engorged. Right side of the 
heart normal, and emptied by the venesection ; left ventricle contracted, 
soft and empty. The microscope exhibited fatty degeneration of the mua- 
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cuiar fibres of the hoart. Other orfjana were healthy. — London Hospital ; 
£>-U. Mi^d. Joiirn., May 27, 1S71 ; Kappeler : Case No. 53. 

237. Boy, fifteen yenra. Operation for strabismus. After the operation 
hfld been completed, the patient made attempts to vomit \Vliile so doing 
a deep inepiratioo drew the vomit«d matter back into the Inryns and tra- 
chea, cauaingdeath by asphyxia. — London Hospital ; Brit. Med. Joum. and^ 
Lancet, September 30, 1H71 ; Kappeler: Case No. 52. 

238. Male, drayman, thirty-four years, very strong. Fracture of t 
leg. On account of the pain attending Uie effort to set the bones, cblorai^^ 
form wna given on a cloth. The patient did not become insensible, bat tiiA 
efforts to reduce the fracture were proceeding, when the pulse suddenly 
ceased to beat Aulop^tj. — Brain softened; heart flabby and dOated ; liver 
and kidneys fatty. — Maneheater Royal Infirmary ; Brit. Med. Joum., Octo- 
ber 7, 1871 ; Kappeler : Case No. 54. 

269. Disaoctioa of the scalp. Two drachms of Squibb's chlorc 
were given on a towel Death during the operation. ^ — W, T. " 
Nashville Joum. Med. and Surg., February, 1871. 

240. Old dislocation of the elbow. Full anEesthesia, five minutes after 
the commencement of inhalation. Chloroform was then withdrawn. Sud- 
denly the pulse began to Eoil, the estremitiea grew cold, respiration gasping 
and soon ceased. Artificial respiration and acupuncture of the heart dia^ 
no good.~Muscroft, Cincinnati ; Tlie Clinic, October 28, 1871. 

241. Soldier, fifty years, large and strong. Old dislocation of 1 
shoulder. During the stage of excitement the patient suddenly ceased b 
breathe. Artificiid respiration revived him for a little, but presently reqM-l 
ratory movements censed again, the pulse grew weak, the countenance 1 
changed, and death was soon complete. J utopny. — Lungs emphysematouB, ] 
lower lobes hypenemic ; bronchial mucous membranes catarrhal ; heart 
somewhat enlarged, flaccid ; right ventricle dilated ; both ventiicles empty; 
muscular substiuice of the heart pale, in some places yellow ; fatty degene- 
ration of the intima of the aorta ; a ruptiue in the liver, measuring 6 
centimetres long and 4 centimetres deep ; two to three hundred grammn 
of dark, fluid blood in the peritoneal sac ; both kidneys engorged with 
venous blood. It was concluded that the liver had been ruptured by the 
violent attempts to produce artificial respiration, and that death was tix 
result of the consequent shock, — FacUides : Ai-chiv der MeUktmde wi* | 
Wagner, 1872, 1 Heft ; Kappeler : Case No. 55. ■ 

242. Female, forty-ais years. Ovariotomy. As the patient was pasmngfl 
into the stage of insensibihty, her respiration became laborious, her oono^'^ 
tenance livid, pulse weak, and all the symptoms of suffocation appeared. 
She coughed up bloody mucus, and died. The tongue was pulled forward, 
and with the finger a metallic plate of artificial teeth was drawn out of the 
pharynx. Artificial respiration was continued for forty minutes, but with- 
out avail. Autopsy. — Heart thin and flaccid, but not degenerated ; right 
ventricle dilated aud containing a small quantity of fluid blood ; valves 
healthy ; lungs normal ; carcinoma of the peritoneum and ovaries. Death 
from suffocation.— Chaffers : Brit. Med. Jouriu, p. 419, April 20, 1872; 
Kappeler : Case No. 56. 

243. Male. Amputation of the leg for a severe compound fracture, with 
copious hemorrhage, caused by a shell wound. Two minutes after the be- 
ginning of iuhtdation, before the attainment of complete ana>sthesia, the 1 
heart sudderily ceased to beat, though seveml respirations occurred aftflC'l 
this event — Cabasse r Lyon Miilir,, 12, p. 166 ; Kappeler : Case 67. 

211. Male, stout Compound comminuted fracture of left leg, net 
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tating amputation. Considerable, but not excessive, loss of blood ; no 
sliock. Three clracbins were given with an inhaler. Patient vomited 
twice, but seemed otherwise in good condition, till, during the operation, the 
I countenance suddenly become livid, and respiration ceased, with the tongue 
thrust between tlie teeth. On replacing the tongue, respiration was re- 
sumed, and be became partly conscious. A bttle more chloroform was 
then given. Ten minutes later the respirations became feeble and super- 
ficial. In a very short time the countenance again became livid, teeth 
firmly fixed, and respiration ceased entirely. Artificial respiration and 
electricity for thirty-five nainutea did no good. Autopsij. — Heart pale and 
empty, slight thickening of mitral valve, atheroma of the aorta, no fatty 
degener^ition discovered with the microscope ; liver fatty. The stomach 
was half full of partially digested food, some of which was also found in the 
pbarj-nx. ^Marshall, Nottingham General Hospital ; Brit. Med. Joum., 
October 12, 1872 ; Kappeler : Case No. 58. 

245, Female, fifty-aeven years, strong and industrious. Amputation 
of the breast. Inhaled one half drachm from a sponge. Patient became 
much excited and noi^iy. About one minute after the second hiJf drachm 
had been poured upon the sponge, the already feeble pulse became extinct, 
cessation of breathing followed, the face l>ecame livid, and the pupils widely 
dilated, Bylvesterism, and other measures were of no avaiL — Bird, York ; 
Brit. Med. Joum., p. 42, October 12, 1872 ; Kappeler : Case No. 59. 

240. Male, thirty-five years. Necrosis of the bones of the leg. Inhaled 
chloroform for five minutes, then for two minutes exhibited great excite- 
ment. At tlie end of this time the heart suddenly stopped, there was a 
gasping for breath, and the patient was dead. Artificial respiration for ten 
minutes, then associated with electricity for ten minutes longer.— King's 
College Hospital ; Brit. Med. Jouriu, p. 717, December 28, 1872 ; Kappe- 
ler: Case No. (>0. 

247. Male, twenty-six years, laborer, intemperate. Iridectomy. Three 
drachms of chloroform given with a tin inhaler. Patient was quiet during 
the first minute, then greatly excited. Inhalation was therefore interrupted 
for one quarter of a minute, after which a second period of excitement was 
introduced. Tlie pulse was accelerated and suddenly ceased ; the face be- 
came livid ; respiration became weaker, and ceased one and a half minute 
later. 8ylveBt«rism, electricity, acupuncture of the heart. Autopsy. — Sur- 
face of the heart overlaid with fat ; muscular substance thin and fatly ; left 
ventricle empty, right side of the heart and the lungs full of blood. — Smith : 
Brit. Med. Jonrn., April 6, 1872 ; Kappeler : Case No. 61. 

248. Hale, forty-eight years ; corpulent. Extraction of both lenses for 
cataract. Chloroform inhaled from a towel. After taking a drachm in this 
way, a small quantity was again poured out After breathing quietly tor 
about fifteen minutes, the patient began to breathe irregularly and en- 
deavored to free himself from the towel. Tliere was then great rigidity of 
the muscles of the back and neck, making it difficult to hold Mm. Be- 
plaoed in proper position, it was discovered that the heart and lungs bad 
ceased to move; the conjunctiva bad continued sensitive throughout 
Sylvesterism and electricity were employed for halt an hour, producing only 
a few feeble inspirations. Aulopx]/. — Heart considerably hypertrophied aid 
fatly ; right side of the heart uUed with blood ; no valvular disease ; lungs 
slighUy emphysematous. The patient ha<l talien chloroform without im- 
nsual npj>earances otdy six weeks previously.— Glascott ; Royal Eye Hos- 
pital, J*inchester ; Brit. Med. Journ.., May 4, 1872 j Kappeler : Case No. C2. 

219. Young man. Phogicdenic ulcer. After a few minutes, before the . 
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occurrence of complete ansesthesia, the pulse ceased. Artificial re«piia- 
tion and electricity for ao hour failed to revive the patient. — SL Bartholo- 
mewB Hospital ; Jirit. Med. Joum., Uny i 1872 ; Kappeler : Case No. 63. 

250. Girl, aixteeo years, ^ome operation (what ?) on the eye. A ahotiij 
time after the commencement of inhalation the patient appeared to be in*' 
sensible, and the inhaler was removed. Exhibiting signs of returning een- 
sibility, the inhalation was renewed. Suddenly, at the commencement of 
the operation, the heart stopped. Five years previously she had once taken 
chloroform. --South Londou Oiihthalroic Hospital ; Uril. Med. Journ., Sep- 
tember 28, 1872 ; Kappeler : Case No. 64. 

251. Male, thirty-four years ; publican. Had a chronic inflammation 
of the foot and leg, with a fistulous opening supposed to communicate 
with diseased bone. Veiy little excitement followed inhalation, and the 
conjunctiva continued sensitive. After three drachms hod been given, the 
patient was not fully luaenBible, but was deemed sufiiciently so to permit 
the operation to proceed. The anaisthetio was discontinued, and wa» not 
rasumed. About nine minutes after this the pulse suddenly ceased under 
the finger of the attendant. A few seconds Inter the patient began to si|^ 
and the face became pale and somewhat lintL Sylvesterism, electricity, 
friction, brandy clysters, were all tried for three-quarters of an hour. 
Autopsy. — There was rigor mortis ; brain, lungs, and pleura were healthy ; 
bloody mucus in the bronchial tubes. Heart weighed eleven and threfr>ii 
fourths ounces ; the mici'oscope showed slight fatty degeneration ; Talv(».J 
healthy ; the left ventricle contained a little fluid blood. Liver fatty.—* , 
Mackenzie ; London Hospital ; Brit. Med. Journ., October 5, 1872 ; Kap-: 
peler : Case No. G5. 

252. Hostler, forty-nine years ; intemperate. Fractured leg and di».i 
located ankle-joint. The previously existing muscular spasms subsided 
under the influence of the sniesthetic, and the patient breathed quietly and 
regularly ; but before the commencement of the attempt to reduce the 
fracture and dislocation, the heart suddenly stopped. Autopsy. — Diseased 
heart and lungs — no statement of the nature of the disease.— Bristol In- 
firmary ; Brit. Med. Journ., November 30, 1872; Kappeler; Case Na 661 

253. Male, tnenty-eight years ; laborer. Amputation of a crushed 
thumb. Chloroform given on a napkin. — Barrow, England ; Brit. Med. 
Joum., December 14, 1872. 

25i Female, seventy years. Fell dovra-stairs, fracturing her leg into the 
knee-joiut. Chloroform given to fjicditate reduction. Death occurred, 
after very brief inhalation. — Brighton, England ; Brit. Med. Joum., Octo- 
ber 5, 1872. 

255. Mole, twenty-two years ; medical student. In the habit of inhaling 
chloroform to allay pain. Went to beil apparently well, and was found 
dead in the morning, with a handkei-chief apphed to his mouth. — West 
Middlesex ; Brit. Med. Journ., JIarch 9, 1872. 

256. "Death from coma due to cliloroform is i-are ; still, the only 
with which I have been personally connected was due to this cause. The 
patient was suffering from chronic Bright's disease, and had slight ^mp- 
toms of uraemia. The administration of chloroform had not proceeded ax 
when convulsions occurred, followed by coma and death in about an hour. 
In this case, at all events, the mode of death was evidently predisposed fo' 
by the poisoned state of the blood."— J. Eric Erichsen : Brit. Med. Joum,, 
June 8. 1872. 

257. Male, thirty-six years ; engine-driver. Disease of the jaw. necead- 
tating on operation. Two minutes after commencement of inhalation ha; 
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died. Verdict : pamlysis of tli9 lieart — King's College Hospital ; JMt. Med. 
Jovriu, June 15, 1872. 

258. Male. "Diaarticulation at the hip-joint waa being performed. May 
27tL, on account of osteo-myelitia. The femoral artery had been tied, and 
Billroth was about to apply 'the galvouo-cauatic wire in order to divide the 
soft parts after enucleaUon of the bead of the bone, when the patient's 
breathing became stertorous, and he died." Tracheotomy and all other 
measures were tiied, without success. — Billroth ; Jirit. Med. Journ., June 
15, 18T2. 

259. Male, fiftv-tbree years. About to undergo an operation for stone 
in the bladder. — Great Northern Hospital ; Brit. Med. Journ., August 24, 
1872. 

2G0. Male, about sisty years, living in Butler Co., Ohio. Caries of the 
tibia. One drachm of chloroform was inhaled, when the leg was drawn 
up, and tlie body was suddenly raised into a sitting posture by spasmodic 
contraction of the muscles. Aa their rigidity passed off, pulsation ceased, 
and the patient died, — W. W. Dawaon, Cincinnati ; The Clinic, October 
26, 1872. 

2G1. At the London Hospital, 1871, a male, eighty-three years, died of 
syncope during inhalation of chloroform for amputation of a toe. — Bril. 
Med. Joimi., December 18, 1880. 

262. Male, injury to a foot Died under the influence of chloroform, 
while undergoing amputation. — Sir Patrick Dun's Hospital, Dublin ; Lan- 
cet, Febniarj- 22, 187:i. 

263. Female, forty-five years. Fatty tumor on the back. Chloroform 
given on lint. Heart stopped before the commencement of operation. 
AiUopey. — Ventricles dilated ; valves atberomatoua, but competent. — Wy- 
man ; West London Hospital ; llrit. Med. Journ., February 22, 1*173. 

2G4. Male, fifty-one years ; laborer ; intemperate. Dressing of a frac- 
tured leg. One drachm and a half given on a sponge. One-third of a 
grain of morphine had been hj-podermicoUy injected thirty-five nunutes. 
before the commencement of inhalation. The patient made violent resist- 
ance at first during the inhalation of one drachm. At the end of two 
minutes an additional half-drachm was given, and he became quiet, with 
regular pulse and respiration. After the dressing bad been applied, it was 
discovered that, though respiration persisted, the heart hod stopped and 
the pupils were dilated. The breathing became deep and infrequent, and 
Boon ceuaed. Artificial respiration, electricity, gnlvono- puncture of the 
heart, venesection of the jugular. Aulojisij. — Left ventricle contracted and 
empty ; the whole right side of the heart was filled witli dark tluid blood ; 
ventricular wall thin ; atheroma of the coronary arteries ; liver and heart 
elightly fatty ; lungs adherent and slightly emphysematous. — Pricliard ; 
Bristol Hoyal Lifirmary ; Mrit. Med. Journ., p. 194, February 22, 1873 ; 
Kappeler ; Case No. 67. 

265. Male, (arty years ; in apparent good health. Fissure of the boob, 
reauiring forcible dilatation. 'The patient came rather slowly under the 
innueuce of cbloi-oform, the stage of excitement bein^ somewhat pro- 
longed. He at length fell into a quiet sleep, during which the operation 
was performe<L A few seconds after the completion of the operation the 
patient suddenly became stertorous, cyanosed, pulseless, and expired. 
Sylvesterism and electricity. Autopsy. — Two small cavities in the luog^; 
heart filled with blood. l^Mfomiation of the larynx, with narrowing of the 
glottis. — Li'on Lefort : Qaz. das hO^ntoMX ; ihit. Mfd, Juurn., May 17, 
1873 ; Kappeler: Case Na 68. 
12 
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266. IMale, forty-five yeara ; inteiDpernte. Dislocation of tlie sboulder. 
luhalntion had not reachetl the stage of muscidar relaxation when the 
patient, who was lying with his mouth open, began to breathe irregalarly. 
The aniEsthetic was removed, but one minute later respiratton ceased, 
Aiiificial respiration and electricity for three-quarters of aa hour. An 
tnpsy. — Hypera-mift of the brain and its coverings ; atheroma of arteries , 
fatty liver; blood liquid; left ventricle contracted, right flaci'id. — Dao^' 
dridge : Philadelphia Med. and Surg. Et'p., p. 349, November 15 ; Kappeler : 
Case No. 69. 

267. Girl, twelve years ; supposed to be suffering with some slight car- 
diac ailment Tooth-estraction. Chloroform on a cloth. luimeiUately 
after the extraction the pulse began to flutter, and the face gi-ew pale ancl 
expressionless. The head was depressed, tongue drawn forward, ammoni^ 
cold douche, and artificial respiration were tried, with the result of ezcit> 
iug ten or eleven deep inspiratioiiB, after which she ceased to breathe. The 
heart did not beat again. — Dr. Gall, Louisville ; Uril. Med. Journ., Junoi 
28, 1873 ; Kapi>eler : Case No. 70. 

268. Male, twenty-eight years. Chloroformed for dilatation of the sphmo- 
ter ani, on account of anal fissure. After inhaling for five to seven minutes, & 
tendency to opisthotonos was manifested, though without change of puloa 
or breathing. The chloroform was discontinued. Immediately after the 
operation the patient became cyanosed, and respiration ceased. Death' 
quickly followed. Examination of the chloroform discovered the presenoa 
of a small quantity of allylic chloride. — G. Berglimann : Hyifiea /ferA., 
S. 205, 1872 ; Kappeler : Case No. 71. 

269. Male, thirty-nine years. Dislocation of the forearm. Inhaled 23 
grammes of chloroform. Ten days previously had inhaled it with impur 
nity. Now, after a period of muscular rigidity and excitement lasting for 
six or seven minutes after the commencement of inhalation, the patient 
suddenly passed into a state of coUapse, and died two hours aftei-ward, in 
spite of artificial respiration. — Ijor : Norsk Magazin t. Ijigeridenak., R 3, 
Bd. 2 ; Fiirii., S. 209 ; Kappeler : Case No. 72. 

270. Male, sixty years ; insane. Fistulous perineum, requiring intro- 
duction of a catheter. Chloroform with Clover's inlioler. InhalatioB 
proceeded normally, and the patient became insensible. Passage of the 
catheter caused struggling, and the inhaler was again employed. Serea 
minutes afterward the pulse flagged and stopped. JH(qp«j/.— Hight Md« 
of the heart flaccid and full of liquid blood, left side empty and contracted. 
Arteries genei'ally atheromatous. Examination of tlie inhaling apparatus. 
discovered rta( the machine %')as out of order, permitting Ike inlialation o/" a 
much more highly concentrated vapor llutn wws intended. — Broadmoor Asy- 
lum ; Lancet and Brit. Med. Journ., May 21, 1873 ; Kappeler : Case 
No. 73. 

271. Female. Tooth-extraction by a dentist. Chloroform given on m 
sponge. Patient had often taken chloroform previously. Had eaten 
nothing on that day, but drank a glass of sherry immediately before the 
operation. Inhaled while sitting upright in the chair. Very little excite- 
ment, but the jaws had to be forcibly separated. The pulse stopped M 
soon as the tooth came out Artificial respiration and electricity. Autopsy. 
— Fatty degeneration of the heart — Blaker, Brighton ; BriJ. Med. Journ,, 
August 23, 1873 ; TMncet, September 6, 1873 ; Kappeler : Case, No. 74. 

272. Male ; soldier. Removal of diseased tibia, caused by a compound 
fracture. Chloroform had not been inhaled more than a minute when the 
heart stopped. Autopsy, — Hypertrophy and &tty degeneration of the 
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heart — J. L. ErBkine, Eoyal Engineers ; Brit. Med. Jouriu, August 23, 
1873. 

273. Boy, fifteen yenrs. Spontaneous fracture of the humerus. In- 
haled about two (Irochuis to allow esnmination of the injured bone. Death 
from syncope during bis recovery from the luiii'sthetic. Aidi^ift/. — Vis- 
cera all healthy. — St, Thomas's Hospital, London ; Brit. Med. Jimni., March 
22, 1873, 

274. Boy, twelve years. Tooth- estraction. Vomited dxiring inhalation. 
After the subsidence of nausea, was agitin partially ona'sthetized. Com- 
plaining of pain during extraction of one of the roots of the tooth, which 
had been broken, more chloroform was given. Extraction of the remain- 
ing root waa immediately followed by failiu^ of the pulse, sudden paleness 
of the face, and death. About half an ounce of chlorotom had been used. 
— Am. Practitioner, June, lti73. 

275. At Lille, France, n death from chloroform at the lianda of a 
dentist For this he vas condemned to impriaoujnent for one month, and 
waa fined twelve shiUings and about twenty pounds damages. — lAinctt, 
May 17, 1873. 

276. Male, young, healthy ; machinist. Dressing of several fingers, 
injured by machinery. Before complete antesthesia had been reached, the 
patient was seized with convulsive tremors, and died immediately. — W. H. 
Mussey, Cincinnati ; The Clinic, August 9, 1873. 

277. At Stoke -Clymesland, December, 18C9, a patient died during mi- 
ministration of chloroform for amputation of the thigh. ITie pulse sud- 
denly stopped.— Brii. Med. Joum., July 19, 1873. 

278. Alale, thirty-seven years. Exploration of enlarged liver by punc- 
ture. Pulse and respiration good until the close of the stage of e!ccit«meiit, 
when the pulse failed, the patient became cyanosed, and gaaped. Ailiticial 
respiration and electricity for nearly an hour. Aulcipi^ij. — Heai-t appar- 
ently healtby ; liver enlarged, lordaceous, adherent to the diaphragm, and 
containing nutoerous gummatous masses. — Guy's Hospital ; liril. Med. 
Joum., September 13, 1873. 

279. Female, forty-five years. Had sustained a fractiuB of the right 
arm, June 3, 1873. Inhaled eliloroform from a handkerchief, June 28th, for 
the purpose of painless dressing of the arm. At first one drachm was 
given, hut without producing anresthesia. After about two minutes a 
eecond ilrachm was given, and two minutes later she ceased to struggle, 
the pulse remaining good. Tlie onipsthetic was then removed, and on at- 
tempt was made to reduce tlie dislocation of the radius. It was then 
noticed that the pupUs were dilated, the face livid, and both pulse and 
respiration had stoppetl.— J/e(/. Times and Gai., July 12, 1873. 

280. Male, about forty-five years ; physician. Had for several years 
been in the habit of occasionally breathing chloroform when fiitigued or 
otherwise suffering. Shortly after dinner, September 9, 1873, he had re- 
tired to bis room, and was found, nest morning, Ijnng in his ordinary 
dresB across the bed, with his face plunged in a mass of undigested food, 
by which ho had been suffocated. A two-ounce vial, still containing two 
drachms of chloroform, was found by his side. Rigor mortis had super- 
vened, and it was concluded that ho hod been dead at least twelve hours. 
—BrU. Mim}. ./ourn., September 27. 1873. 

281. Male, forty-four years ; Gei-man. Dislocation of the shoulder. 
Chloroform on a towel. The breathing becoming irregular, the nnfcsthetic 
woa discontinued until it became again natural The pulse continued good. 
Chloroform was again given, but was once more removed before the mus- 
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dea were completely relaxed. Half a mmute later, at the moment of reduc- 
tion, respiration ceased, and could not be renewed. Aukipf!!/. — Blood 
fluid ; left ventricle contracted ; right flaccid and empty ; valves healthy. — 
Cincinnati Hospital ; The CHnic. October 11, 1873. 

282. A young man inhaled chloroform for an operation for the removBl 
of a scrofulous tumor in the groin. Pulse and respiration suddenly ceased, 
and artificial respiration, prolonged for three-quarters of an hour, availed 
nothing tor his relief. — Dawson and Connor ; Good Samaritan Hospital, 
Cincinnati ; The Clinic, May 23, 1874 ; Brit. Med. Journ., June 27, 1674 ; 
Kappeler : Caao No. 76. 

283. Male ; intemperate. Old dislocation of the shoulder-joint. Death 
from the inhalatiou of chloroform. Among otlier restorative nieasures, 
intravenous injection of ammonia was performed without any result- — 
Amtralian Med. Joum., August, 1873 ; JSrit. Med. Jottm., November 15, 
1873. 

284. Male. Epithelial cancer of the lip.— 
Zealand ; Urit. Med. Joum., January 31, 1874, 

285. Female. Cancer of the breast Death from chloroform during an 
operation for removal of the tumor, — Dunedin Hospital. Ne^y Zealand; 
Bril. Med. Joum., January 31, 1874. 

286. Male, thirty years ; mason. Stricture of the urethra. Auscultation 
detecting nothing wrong with the heart, chloroform was given for tlie pur- 
pose of introducing a sound. Chloroform was given, to the amount of tno 
drachms, on a sponge. The patient had eaten nothing for four hours be- 
fore operation ; ho was very nervous, and shivered as he was placed upon 
the table. After inhaling two drachms a period of violent excitement com- 
menced. The muflcles were rigid, and the arms were brandished wildly ; 
he held his breath, and struggled furiously. His face became cyanosed ; so 
the chloroform was withdrawn, but no change in his condition followed. 
Slapping with a wet cloth did no good, for his face grew darker, and the 
struggling became more feeble till it finally ceased. Sylvesterism brought 
back a feeble pulse at the wrist, but, in spite of galvanization of the phrenic, 
death occurred through paralysis of the heart. Aulopi'y. — Heart normal, 
but its right side was tilled with black blood. The lungs were hypencmic 
— Bristol Royal Infirmary ; Lancet, January 17, 1874; Kappeler: CaseNa 
77, 

287. Male, forty-eight years. Dislocation of the left shoulder. May 18, 
1874, one drachm " of Squibb'a chloroform was administered on a napkin, 
and the operation was begun. In ten minutes a violent spasm came on, 
the patient's face became red, his eyes fixed, hia lips were drawn up, respi- 
ration and pulse stopped. The spasm lasted but a short time, and then 
the patient died." — Butler, Baltimore ; Med. !^eics and Library, July, 1874. 

288. Male, thirty years ; intemperate. Deep submental abscess, for 
which aspiration was proposed. Three drachms of chloroform were given. 
The patient was at lirst greatly excited, but finally became quiet, if not 
fully insensible. Tlie needle of the aspirator was Uien plunged into the 
abscess, but before the drainage of pus was finished it became necessary to 
renew the administration of the anfesthetic The patient then grew sud- 
denly pale, and the pulse became imperceptible. Autopny. — The lungs were 
emphysematous ; the heart was healthy ; the left side empty ; the right side 
contained a large quantity of black fliud blood mixed with small clota.— 
University College Hospital ; Lancet, April 11, 1874 ; Kappeler : Case No. 
78. 

289. Female, fifty years ; married. Iridectomy. Had taken chlorofona 
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one week previously. Chloroform given with an inhaler. At first the pa- 
tient waa timid aDil totaled, and would not breathe. By cheering her, 
and by wary odmiuiBtrBtion of the vapor, ehe was made to breathe more 
easily. Soon, however, the head waa drawn backward, and the whole body 
BtiSened. Respiration became stertorous, hunied, and irregular. The in- 
haler wae then removed, but the patient drew a deep inapiration and ceased 
to breathe. The puke failed at the same time. Aulopny. — Fatty deposit 
upon the heart, but no degeneration of its substance ; right side of the 
heart filled with fluid blood ; aorta atheromatous. — Eeene : Lancet, May 
le, 1874 ; Kappeler : Case No. 79. 

290. Molef forty-eight years ; sailor. Fistula in ano. Twice previously 
had been chloroformed. One drachm was given on a cloth. There was 
very httle resialance, and insensibility supervened at the usual time, without 
any unfiivorable symptoms ; but, just as the operation was to be conamenced, 
the surgeon discovered that the pulse had ceased. The tongue was drawn 
forward, artificial respiration was instituted, the chest v^as slapped with a 
wet towel, and ammonia was held to the nose. The patient breathed feebly 
for two minutes, then gasped, and was dead. The heart hod ceased to beat 
vben the pulse disappeared. — Allingham, St. Mark's Hospital ; -BtU. Med. 
Jourii., April 18, 1874 ; Kappeler : Case No. 80. 

291. Male, adult. Tumor in the posterior narea. Chloroform was 
given with Clover's apparatus to the patient, as he sat erect ujwn a chair 
with a piece of caoutchouc between lus teeth. He inhaled well, but kept 
swallowing. At the end of five minutes he vomited three or four ounces 
of a yellowish liquid. Ho tiicn spoke, leaned back, and again inhaled qui- 
etly for three or four minutes. An attempt at examination of the tumor 
was now followed by nausea ; so the chloroform was pushed to the extent 
of producing insenaibility of the cornea and contraction of the pupils. 
Pulse regular, but rather weak. Fifteen minutes having passed since the 
commencement of inhalation, the surgeon attempted to pass a ligature 
through the nose into the pharynx. In consequence of the partial with- 
drawal of the ameethetic during this effort, the patient came partly to him- 
BeU, and the chloroform was renewed. This occasioned a repetition of the 
phenomena of nausea, and the pulse grew feeble. The inhaler was now 
removed and the patient was placed in a horizontal position, his pupils 
being dilated and his face very pale. Beepiration becoming more and 
more feeble, Sylvesterism was undertaken for his rehef. The tampon be- 
tween the teeth favored the free and noiseless passage of air into the lungs. 
He groaned three or four times, but the pupils remained dilated and mo- 
tionless. Every effort at resuscitation failed. It seemed probable that the 
inhaling apparatus had furnished a too highly concentrated vapor. — 
Clover, Loudon ; Brit. Mud. J-junt.. June 20, 1874 ; Kftpi)eler : Case No. 81. 

292. Alale, forty-seven years ; intemperate ; feeble heart Dislocation 
of the shoulder, A very small quantity of chloroform speedily produced 
such excitement that inhalation was much interrupted. After Uiis stage 
had been passed, alarming symptoms appeared, necessitating artilicial res- 
piration, electricity, etc., for an hour, but without result. Aulopny. —Hoth.- 
mg abnonnaL — Addenbrooke's Hospital ; Lancet, July 25, 1874 ; Brit. Med. 
Joarn... p. 113, July 24, 1875 ; Kappeler : Case No. 82. 

293. Male, for^-eight years ; joiner ; strong and healthy. Amputation 
of the middle finger. Two drachms given on a cloth. The patient was more 
than ordinarily excitable, hut hod been fully aufestheCized, so that the 
operation was about to commence, when he snorted two or three times, 
grew suddenly black in the face, and ceased to breathe, while the pulse 
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became very feeble. The sounds of Uie beart continued audible for 
minutes after Bpuntoneons refipimtion had ceased. SylveBterism, cold 
Hiou, electricity, and ttmmonia, all foiled. Autopsij. — Sliglit hyperremiA al 
the lungs. Heart weak and somewlmt dilated, both Tentriclee contaiiung 
a small quantity of liquid blood.— Jeesop, General Infirmary, Leeds ; Lan- 
cet, August 1, 1874 ; llrit. Med. Joum., August 1, 1674 ; Kappeler : Caas 
No. 83. 

294. Boy, fourteen years. Dislocation of the Hp. Inhaled sixty 
of chloroform. At the end of two minutea, in a state of semi-conscioi 
ness, be suddenly passed into a condition of sj'ncope, and died in spite rf 
SylveBterism and electricity. Aulujm/. — Every organ was baolthy. — Gant, 
Royal Free Hospital ; Brit. Med. Joum., December 19, 1674 ; Kappeler: 
Case No. S4. 

295. Female, eighteen years. Took chloroform for the i-emoval of a pin 
in her liaml, and (bed. 1874. — Woolwieb Workhouse ; Brit. Med. Joum.. ^] 
999, December 18, 1880. ' 

296. Male. Dislocation of the shoulder. Death from syncope after the 
operatLon. — Leeds Infirmary; Bril. Med. Juurn., p. 999, December 18, 
1880. 

297. Female, adult ; died, May fi, 1874, from the effects of chloroform 
inhaled from a bandkercluet— Coi'lisde : Brit. Mtd. Journ., p. 654, May 16, 
1874. 

296. Female, tbirty-four years; bar-maid. Suffered with lupus upon 
face and neck since hertwelftli year. Fatieiithad been operated on, undac. 
cblorofoi-m, sis times in the year 1874 — July 17th, Au^fust 7th, 17th, and 
29th, and September 10th. Each time the peiiod of excitement was long, 
but otherwise nothing unfavorable occurred. On June 30, 1875, the patient 
was again chloroformed for removal of recurrent gi'owth over the angle of 
the jaw, on the right side of the face. Chloroform was given u-ith Esmarch'a 
inhaler, after the most approved scientific method. The patient inllaled 
with perfect tranquilbty ; woke once during the operation, so that inhala- 
tion was renewed until the cornea became insensible. Pulse and respira- 
tion continued good for two minutes after the conclusion of the operation 
and tlie withdrawal of the ana-'sthetic. At this moment the patient sud- 
denly turned pale, opened her eyes ivith their pupils widely dilated. About 
the same time the pulse failed at the wrist, and the respiratory movementa 
became slow and feeble, ceasing altogetlier after a few seconds. Syl< 
ism, irritation of the pharynx, cold Effusion, tracheotomy, and faradizatit 
of the phi'enic nerves, all utterly failed, and at the end of three-quarters 
an hour the suspicion gradually deepenedinton certainty that the sm^eim 
had before him a genuine corpse. Avlfipsy negative. — Iveft lung adherent 
posteriorly to the pleural surfaces of the chest-wall ; lungs (edematous, at 
points ecchymosed, and emphysematous — probably from artificial respira- 
tion. Right heart contained liqmd blood mixed with small clots ; left ven- 
tricle flaccid and empty ; ^^dves very sbghtly thickenetl. — Kapi>eler : Ance»- 
thetica, pp. 65, 90. 

299. Male, adult ; healthy and strong. Tooth-estraction. Died under 
the influence of chloroform, in the oflice of a Boston dentist. Autopag 
negative. — Heart healthy ; blood everywhere fluid. ^ — Boston Med. and Surffv, 
Joum.. October 1 and 8, 1874. ' 

300. Female, adult. Tooth -extraction, Kingston, Canada. Death from 
chloroform. — Canada Med. Becjrd, November, 1874. 

301. Male, forty-five years ; strong and healthy. Amputation of the bt- 
tle finger. Chloroform given on a cloth. For two minutes the inhalation 
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procceJed in a Hatisfactory manner ; the patient then became rigid, and 
fitruggleil violently. The face and body were everywhere cyanosed. luha- 
Ifttion was therefore discontinued. Aa the patient grew quiet it was no- 
ticed that be was pulseless, and hod ceased to brentlie. J^ifictol respira- 
tion, electricity, and inversion of the body, were tried for tbree-quai'tera of 
an hour, but without resulL AulopKy. — Both lungs hyperst^mic Bi^t 
heart tilled with black, fluid blood ; a block clot in the left auricle ; valves 
healthy. Liver, spleen, and kidneys, hyperiemic. Brain, aniEmic. — Auslro' 
Iran Med. Journ. ; Brit. Med. Jotirn., July 17, 1875 ; Kappeler ; Cose No. 85. 

302. Alale, fifty-sii years ; healthy heart and lungs. Estirpation of 
the tongue for carcinoma. Three drachms given on lint, ybortly after 
the commencement of iahalation the pulse was intermittent, but soon be- 
came regular. The patient wna restless, but at the end of ten miuuteswaa 
sufficiently insensible to allow the operation to proceed. A needle had 
been thrust tbi'ough the tongue, when suddenly the pulse weakened, and 
the respiration became irregular and ceased altogether. The pupils were 

• greatly dilated. The heart continued to beat for a shorttime after the ces- 
sation of breathing. Artificial respiration, electricity, etc Autopsy. — 
Brain healthy. Heart healthy, left ventricle contracted. Blood Hquid 
throughout the body. Lun^s lieoltliy and hypencmic. Pleura thickened 
on both sides. — Jackson, Sheffield Pubbc Hospital; Brit. Med, Jount,, 
Februarj- 27, 1875 ; Kappeler : Cose No. 8G. 

303. Female, forty-five years. Enucleation of the eye-balL Chloroform 
given with Skinner's inhaler, to the amount of one drachm. The patient 
became oxctted, and the inhalation was discontinued. Excitement per- 
sisted, and suddenly the heart stopped, though tlie patient still continued 
to breathe for a short time. Every expedient, including inversion, failed 
to restore the patient. AuUtpsij. — Everything healthy except the heart — 
in the anterior waU of the right ventricle were found a number of cancer- 
ous nodules. — \Vliern', Addeubrooke's Hospital, Cambridge; Brit. Med. 
Journ., p. 113, July '24, 1875 ; Kappeler: Case No. 87. 

304. Male, nineteen years ; bombardier ; strong and healthy. Exarticu- 
lation of the third toe. Chloroform given on lint. Three drachms pro- 
duced insensibility without excitement. A fourth drachm was then given, 
but only partly inhaled, as the patient was sufficiently aniesthetized. Four 
minutes after, just as the operation was ended, tho pulse suddenly failed, 
and the face became pole and hvid. Cold affiision, and depression of the 

I head fiiiled to give relief, and the respiration became first stertorous, then 
I Highing, and gradually ceased altogether. Artificial respiration did no 
good, and the body was inverted. Galvanism was also tried. These ef- 
forts were continued for over an hour in vain. — Smith : Lancet, February 
, 13, 1875 ; Kappeler : Case No. 88. 

I 305. &[ale, forty-nine years. Hod sustained a dislocation of the shoulder. 

I Owing to a displacement of the bandages, the luxation hod been repro- 
] duced, and the patient requested chloroform, which he had previously in- 
haled, to fecibtate the reduction. Two drachms were given on lint The 
i patient did not seem to bo completely ancesthetized, and, at the instant of 
reduction, he gave a convulsive shudder, and died. Inversion was here 
L employed without success. Autopsy. — Organs universally healthy. — Hardy 
5 and Jones, St, Thomas's Hospital ; Brit. Med. Journ., October 9, 1876 : 
V Lancii, same date ; Kappeler : Case No. S9. 

ij 300. Male, fifty-two years ; coal-heaver, strong nnd muscular, thoujih re- 

I oently recovered from au attack of bronchitis. Having a necrosis of Ijone, 
d it wu decided to give chloroform for the purpose of painless operation. 
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An ounce was given. At first, pulse and respiration were normaL He ^^ 
stage of escitement continueit for two minutes, during wbicli tbe patient ^| 
was red in the frvce, and sliouted aloud, brandishing his fista in the air. 
After two or three minutes he grew quiet and mailo two snoring inspira- 
tions. Chloroform was immetliately withdrawn, but at the same instant 
the face became lirid, pidae imperceptible, and respiration at a standstill 
Efibrta at resuscitation caused two sighing inspirations, and then no more, ^M 
Cold air, water-aprinkling, drawing out the tongae, lowering of the head, ^H 
artificial respiration, application of a hot iron to the epigastriiun and to the i^H 
soles of the feet, did no good. Auloji^. — Brain normal Lungs healthy, ^^ 
full of air and blood. Shght thickening of the pleural and pericardial mem- 
branes ; biood tlark and bquid. Heart flaccid, its muscular aubstanoe 
healthy, and the valves normal. — Helwig, Odense, Diineniark ; ["^esin'ft 
for Larger ; Brit. Med. Journ., October 9, 1875 ; Kappeler : Case No. 90. 

307. Male, fifty-ais years ; sailor, strong and muscular, but ansioua re- 
garding tbe operation. Arcus senilis visible. Sequestrotomy for necrosiB 
of the femur. One drachm given with an inhaler. Great excitement dur- 
ing tbe first five minutes of inhalation. Esmarch's elastic bandage was ^U 
then apphed. The face soon became lirid, and tbe respii'ation iiTegulax ^| 
and noisy ; but, laying the patient upon his left side, and drawing bis ^| 
tongue forward, these symptoms were reheved. No more chloroform was ^^ 
given, and the operation was commenced. This was nearly completed, and 
the patient was returning to consciousness, when tbe same alarming phe- 
nomena reappeared, and after a few seconds the patient was dead. Be- 
sides artificial respiration, galvanism, etc., the intravenous injection of 
ammonia was tried, but withovit effect. Autrqm/, — Body veiy fat. Lungs 
bypera'mic, but heitlthy. Heart well covered with fat, but not in a state of 
degeneration ; plenty of bquid blood in all its cavities ; valves healthy. 
Aorta atheromatous. Syphiloma of the liver. Kidneys granular. Cerebral 
arteries rigid. Arachnoid thickened. — Johnson Smith ; Brit. Med. Journ., 
October 1(J, 1876 ; Kappeler : Case, No. 91. 

308. Male, forty-two years ; gardener; received a gunshot wound in the 

right eye, November 16, 1876. Enucleation of tlie eyeball was recom- 
mended, to protect tbe other eye. One hundred drops of chloroform were j 
given on a towel. Half of this was given at first, and the patient seemed 
to become at once semi-conscious. The ojieration was then commenced, i 
but it was found necessary to give more chloroform. The pulse imme- 
diately grew so weak that the patient was inverted, and artificial respira- 
tion was undertaken. Tbe patient, nevertheless, died in half an hour from 
tbe commencement of inhalation. Autopsy negative. — Chesshire ; Brit, 
Med. Journ., December 11, 1875; Lancet, December 11, 1875; Kappeler: 
Case No. 92. 

309. Itfale, sixteen years. Tooth-estraction in the office of a dentist 
Half an ounce of chloroform was used, and in five minutes the patient waB 
dead. — Denial Cosmos, May, 1875. 

310. Male, forty-two years; feeble ; no disease of either heart or lungs. 
Galvano-cautery for a cbmici'oid of tbe penis. Chloroform given on a cone of 
lint. Three or four drachms had thus been administered when tbe patient | 
became pale, the pulse stopped, and respiration ceased. — Ocuette Med. de | 

. Bordeaux, November 5, 1875. 

311. Male, eleven years ; healthy. Eeduction of paraplumosis. Two 
drachms of chloroform given on a napkin, upon wliicb the same quantity 
was twice again poured out in the course of three or four minutes. The 
patient then appeared to be unconscious, but an effort to reduce the &»»• 
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skin cauBed him to ait up and to maoifest eignB of returning consciousness. 
Two draclims more were then given, when the reduction was |>romptly ef- 
fected. It was then discovered that respiration had stopped and the pulse 
had ceased. The tongue was drawn forward, and the body was inverted. 
This caused sis or eight gasping and irregular respirations, hut the pulse 
did not return. Deatli occuired about six or eight minutes after the be- 
ginning of inhalation. — J. Buiat : Nashville Jourii. of Med. and Surgery, 
June, 1876. 

312. Male, twenty-seven years ; sailor. Euucleation of the right eye- 
ball, which had been injured in a shipwreck, on a voyage to China After 

<> inhalation for three minutes, the ^e became purple and the pulse ceased. 

ji Artificial respiration did no good. Death was attributed to syncope. 

' Autopsi/ negative. — Wilkinson, Ophthalmic Hospital, Gray's Inn Boad; 

I Med. Times and Gaz., July 24, 1875. 

I 313. Female, twenty-one years. Abscess in the abdomen. Chloro- 

r form was given for puncture of the abscess. Autc/jjuy. — Purulent effusion 

[ in the peritoneal cavity, abscess in the liver, pua in the pleural cavity. — 

' Ker, Quorrybank ; Lancel, July 31, 1876. 

'• 314. Female. Mrs. C. inhaled chloroform, administered by herself, and 

f was found dead. The high social position of t!ie patient precluded the 

(pabticatioa of any detailed account of the medical features of the case. — 
£rU. Mud. Jotirn., December 4, 1875. 

315. A patient in Glasgow inhaled chloroform for amputation of a 
finger, and died.— fin";. Med. Joiim., p. 7(>1, December 18, 1875. 

316. Male, thirty- four years ; soldier, at the Artillery Hospital. Am- 
putation of the leg. Died of syncope under the influence of chloroform. 
— Brit. Med. Jourit., p, 999, December 18, 1880 ; from Laiicet, 1876. 

817. Male, about twenty-three years of age. Venereal warts and 
chronic phimosis, necessitating circumcision. Heart-sounds normal. 
Two and a holf drachms were given. The radial and temporal pulses were 
both stttisfiicfoi'y, and chloroform had been withdrawn for a minute, when 
suddenly, during the operation, the cotmtenonce became livid, and the cii^ 
culation ceased. Artificial respiration, electricity, etc,, availed uothuig. — 
Steeven's Hospital, Dublin ; Jirit. Med. Journ., January 29, 1876 ; Kap- 
peler : Case No. 93. 

818. Male, laborer, adult Amputation of the arm. Stethoscope indi- 
cated no heart disease. Three drachms were given, and the patient died 
suddenly during the act of inhalation. Autopni/.—ThQ heart was dilated, 
and the body is said to haveexhibitedother evidences of disease. (What?) 
Death was attributed to paralysis of the heart. — Beid, ■Stafford Infirmary ; 
Bril. Med. Joum., February 5, 1876 ; Kappeler : Case No. 94. 

319. Female. Tooth'CX traction by a dentist. Heart and pulse seemed 
bealtby. Chloroform was inhaled dowly in the sitting posture. After 
extraction of three roots, the countenonce of the patient suddenly clianged 
color. As her respiration grew weaker, he commenced the employment of 
restoratives, but she ceased to breathe. Sylvesterism restored the breathing 
for about two minutes, when it ceased altogether, in spite of the use of 
electricity. Artiopsij. — "Heart disease" was reported. — Evan Abraham 
Morgan, Liverpool ; Brit. Med. Journ., April 1, 187G ; Kapjieler : Case No. 
S5. 

320. Mole, fifty-four years ; strong and healthy. Amputation of 
finger. Heart'sounds normal. About one drachm and a hot! of cliloro- 
form given. Two minutes after the commencement of inhalation the pa- 
tient became very unruly, and so continued for about two minutes. He 
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was then completely insensible, face slightly bluish, respiration 
Breathing grew stertorous, with increase of llvldity ; so he was pliLCed upoB*' 
his left side, when suddenly pulse and respiration ceased. Artificial 
respiration and drawing out the tongue produced a deep inspiration after 
about two niinutea, but thia was the last, though every effort— inversion, 
electricity, SylvesteriBm, etc., was employed for the space of half an hour. 
It wna found that ejaculation of seraeu had taken place in the death-agony. — 
J. W. Hunt, Leicester ; Brit. Med. Jaurn., April 8, 1876 ; Kappeler : Case 
No. 06. 

321. Mole, forty-five years ; laborer ; vigorous. Estirpation of a fibroid 
tumor from the hard palate. Three or four drachms of chloroform given 
on a fianuel cone. The patient took his last meal sL\ hours before the 
operation, and had a dose of brandy hnlf an hour before inhalation. He 
was cbloroformed in a semi-recumbcut position. Great excitement for 
two or tliree minutes, until he was laid flat, when he became more quiet 
Suddenly respiration ceased, and the lace was cyanoaed. The condition of 
the pulse could not be ascertained. Every effort — dragging the tongue, 
depression of the head, laying the body on its left side, Sylvesterism, elec- 
tricity, etc., was tried for half on hour, but only a few gasping respirations 
rewarded the attempt. Aulopsi/ negative, — Heart flaccid. Lungs and 
brain full of blood.— Norton and Juler, St Mar)''s Hospital, London; 
Bnl. Med. Joum., July 29, 1876 ; Kappeler : Cose No. 97. 

322. Male, sixty years ; vigorous. Dislocation of the humerus. Chloro- 
form given from a metallic inhaling apparatus. The patient was consider- 
ably excited, and the anitatbetic was given slowly in consequence. About 
two minutes after the commencement of inhalation the heart stopped sud- 
denly, and soon afterward respiration ceased also. Electricity and arti- 
ficial respiration failed to do any good Autuptuj. — Heavy deposit of fat 
upon the pericardium. Fatty infiltration of both ventricles, especially the 
right ; both cavities dilated and empty ; valves healthy. Kidneys loi^ 
and granular ; cortical portion atrophied. — J. C. Ferrier, Leicester Infirm- 
ary ; Brit. Med. Journ., July 29, 1876 ; Kappeler : Cose No. 98. 

323. Male, forty-five years ; apparenUy healthy. Opening sinuses con- 
necting with the right trochanter. Chlorofoi-m given on lint The patient 
struggled violently, and the pulse weakened, neceBsitating intermission of 
inh^tion. Bespiration became very irregular, and ceased about six min- 
ntes after the commencement of inhalation, AiUopsi/. — Fatty degenera- 
tion of the heart. The other organs were healthy. — St Thomas's Hospital ; 
Brit. Med. Jourt)., September 16, 1876; Kappeler: Case No. 99. 

324. Boy, eight years. Tenotomy, and forcible extension of the knee. 
Two drachms on lint Just after the completion of the operation the pulse 
suddenly stopped The ])atient was inverted ; artificial respiration was 
continued for an hour and a half ; he was slapped with a wet towel, and. 
hot sponges were applied over the heart ; ammonia and amyl nitrit« 
held to the nose, but all to no purpose. — Walter, Long Eaton : Brit. 
Jovm., November, 11, 1876 ; Kappeler : Case No. 100. 

325. Male, Uiirty-three years, publican. Kednction of an inguinal 
bemio. Examination of the heart before operation indicated nothing 
wrong. Chloroform was given on lint, half a drachm at a time. Four or 
five minutes aft«r the commencement of inhalation, while tbe fifth half- 
drachm was being given, without any previous excitement the face be- 
came liviil, the pulse grew weak, and respiration was slightly st«rtoroaa. 
Death occurred three or four minutes later, in spite of depression of the 
Itead, dragging of the tongue, slapping of the chest, Sylvesterism, electi^- 
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city, injectioQ of two ounces of brandy with hot water into the rectum, 
etc. Autopsy. — Lungs and bma engorged with blood. Heart large and 
its right aide full of black blood ; musciilar aubstaace of the right ven- 
tricle thinner tlmn natural, and infiltrated with fat, but microscopic exam- 
ination indicated no fatty degeneration. — Charing Cross Hospital; Brit\ 
Med. Joum., December 23, 1876. ' 

326. Male, forty-three years. Inhaled chloroform December 15, 1876, 
for an amputation of a forefinger. Aucesthetic given on lint folded once. 
Respiration ceased first. Auiopgy. — Fatty degeneration of the muscular 
tiaaue of the heart — Wolverhampton Hospital ; lirit. Med. Joum., January 
13 and 27, ia77. 

327. Female, twenty-five years ; multipai-a. Entered the Matemitfi at 
I/yons, March 23, 187G. Labor-pains continued during the evening and 
night. The next morning, at seven o'clock, the membranes i-uptured ; 
ehonlder-presentatioii. To facilitate version, chloroform was given by the 
nurse, without colling upon the attending physicians. The patient did not 
arouse aft«r the operation. The house physician was then called, vho 
found the pulse very small, the face cyanotic, the inspirations short and 
frequent. In spite of efforts to the contrary, the patient died in ten min- 
utes.— i,' to;. j a Mid.. April 13. 1876 ; 3/erf. News and Library, June, 1876. 

328. Female, twenty-two yeai-a ; primipai-a. The head of the child 
was at the point of birth, when a slight convulsion occiu^red. Chloroform 
vaa given, and the patient was kept under its influence. After the delivery 
of the bead, while the uterus was contracting, the patient shuddered, and 
her pulse ceased — she was dead, — Cotting t Boston Med. and Surg. Joum., 
January 11, 1877, 

32!). Female, thirty years. Died during inhalation of chloroform for 
the extraction of a tooth.— Ohio Mad. Recorder, October, 1876. 

330. Male. Died from chloroform inhaled for the extraction of a thorn 
from bia foot — Pacific Med. and Surg. Joum., October, 1876. 

331. Dr. GuHtav Judell, Ei-kngen, October 26, 1876, was found dead 
in his bed. He had been accustomed to inhale chloroform as a remedy for 
aleeplessness, by which he was much troubled, and a bottle of the hqnid 
was found near him. The anccsthetic bad exi^ited vomiting, and a portion 
of the food had remained in the oesophagus, causing death by suffocation. 
(By compression of the trachea ?) — Med. Ne\OH and Library, January, 1877. 

332. Male, fourteen years. Inhaled chloroform from a napkin, January 
6, 1877, for tlio extraction of a tooth. Immediately after the tooth had 
been drawn there was a gasp for breath, a deep sigh, and the bead of the 
boy rolled to one side — be was dead. — Bahway, N. J. : Med. News and 
Library, February, 1877. 

333. Male. Carious bone in the stump of an arm. Pulse and respi- 
KiUon ceased nearly together. Autopsy. — IVLirked degeneration of the beaH. 
— University College Hospital ; Jirit. Med. Joum., January 20, 1877. 

334. Male, fifty-two years. Suffering from strangulated inguinal hernia. 
Chloroform inhaled from a handkerchief to the amount of two drachms. 
The pulse suddenly stoi>ped, while the respiration became shallow and 
BOOH ceased. — Peterborough Infirmary ; Brit. Med. Joum., p. 120, January 
37, 1877. 

835. Female, about to undergo operation for the removal of a tumor 
from tlie throat — ytaleybridge, ISngland ; BrU. Med. Joum., p. 120, January 
27. 1877. 

33G. Female, forty-three years. About to undergo hgation of the caro- 
tid. In the course of the operation, blood entered the trachea during in- 
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spiration, causing death by asphyxm, — UniTersity College Hospital ; BrU. 
Med. Joam.. p. 210, February 17, 1877. 

337. Male, fifty-six years. About to be operatM on for fistula iii ano and 
hemorrhoids. luhaled about three drachms from a cone of lint. Patient 
struggled violently during the stage of excitement ; the respiration became 
irregular, and the jtulae stopped. Avlojini/ negative. — No organic diaeaa 
—Derby Infirmary, Brit. MH. Joum., March 17, 1877. 

338. Male, twenty-seven years. Cautery to the knee. Chloroform i] 
haled from Skinner's inhaler. The pulse became very weak, and then 
stopped. AiUrqigi/.—Old pericardial adhesions. Advanced fatty degener- 
ation of the heart — Mercer's Hospital, Dublin ; Brit. Med. Jouriu, Jun« 
30, 1877. 

339. Male, physician. Inhalation of chloroform prior to extirpatioD 
of his eye. — Am. Joinni. of Denf^U Science, May, 1877. 

340. Mole. Perineal fistula. Death from chloroform before operatioaij 
— Blackburn Infirmary ; Lancet, June 9, 1877. 

'iil. Female, twenty-three years. Strabismus. Esamined before 
lation, and considered a fit subject for chloroform. About four drachms 
were given dming the operation. The patient vomited. After emergenes 
from aniBBthesin the jiatient spoke to the surgeon, and "appeared perfectly 
right" Between nine and ten o'clock she was visited by the surgeon, who 
found her asleep, vnih a quiet and regular pulse. At half-past eieTen 
o'clock she was found dead— in the same place, Aalop^. — Brain wm 
softer than natural, and there was " coagulated blood in several placea." 
Other organs were healthy. Chronic " disease of the brain " was considered 
the cause of death. What particular disease was not stated. — Cann, D&w- 
lish, EngUnd : Brit. Med. Journ., August 4, 1877. 

3'12. Female, twenty-five years ; had previously inhaled chloroform 
without harm. She was now about to be operated upon for " some ut«r-. 
ine trouble," and died verj- suddenly after having inhaled only a few dr^MP 
of chloroform. .4 ufcjpst/.— Fatty degeneration of the right ventricle t^\ 
the heart— Toronto General Hospital ; Canadian Journ. of Med. Sdencet, 
August, 1877. 

343. Boy, twelve years. Died from the effects of chloroform, while utt* 
dergoing an operation for talipes. ^Honiceopathio Hospital, Toledo, O. 
Toledo Med. and Surg. Journ., August, 1877. 

344. Male, thirty-eight years, suffering for three days with paraphimo- 
sis. The pain being very severe, " a smidl dose " of chloroform was given 
on lint The patient immediately began to struggle. In two or three 
minutes was quiet, and the operation was commenced, when his respiration 
suddenly stopped, his face became eyanosed, and the pulse failed. Sylves- 
terism and clapping with a wet towel pailially restored respiration after five 
minutes, but the heart remained motionless. Half a drachm of brandy 
hypodermically, faradization, and artificial respiration of three-quarters of 
an hour, did no good. Aittopsti. — Heart dilated, flaccid, fatty ; no valvular 
disease. Lungs and other internal organs engorged with blood. — London 
Hospital ; Brit. Med. Jaum., August 18, 1877. 

345. Female, elderly. Tumor in the axilla. Death during inhalation, 
prior to operation. Autopsij. — Fatty degeneration of the heart — Canada 
Lancet, January, 1878. 

346. Death from inhalation of chloroform, at Llanelly, preparatory to 
an operation for fistula. — Lancet, December 8, 1877 ; Brit. Med. Journ., 
December 18, 1880. 

347. Male, eighteen yeore ; healthy. Circumcision. One drachm given 
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on a mask. Heart-Boimds normal 1^11611 esamineil before inhtilation. 
NoUiing unfavorable occurretl durmg the first two ur three minutes. The 
patient then became rigid, hia countenance grew hvid, imd the jjupils were 
dilated. Cold afflision and artificial respiration availed nothing. — H. Gor- 
don Gumming, Devon and Exeter Hoapital ; JirU. Med. Joum., FebruBJ^j 2, 
1878. 

348. Female, a young lady residing on Staten Island. Had five teeth 
extracted by a dentist, while under the influence of chloroform. Showing 
signs of recovery from antesthesia, more chloroform was given. She was 
"taken with a spasm," and died. Autopsy. — All the interuid organs were 
healthy.— Jferf. Neuis and Library, March. 1878. 

34'J. Male, adult ; sailor. Extirpation of an eye. Three drachms of 
chloroform given with Skinner's inhaler. Patient much excited. Death 
just at the commencement of the operation. Auit^my.- — Fatty degeneration 
of the heart ; blood in the cavities of the organ. Atheroma of the aorta. 
(Edema and emphysema of both lunga. Liver much congested, but 
healthy. Kidneys slightly granular, much congested. Considerable in- 
crease of subarachnoid fluid ; cerebral veins gorged with bIoo<l ^Liverpool 
Korthem Hospital ; £rU, Mud. Journ., February IG and March 2, 187S. 

360. Femide, ten years. Extraction of teeth. Sudden failure of the 
heart, foUowed by death.— London ; iirit. Med. Joum., May 18, 1878. 

351. Female, thirty-four yeni-s ; very intemperate. Fistula in ano. 
Very timorous, and insisted upon chloroform. Three drachms were given, 
half a drachm at a time, on lint. Pulse feeble and quick. Became much 
excited, and struggled. Asaoon as the patient became insensible the ames- 

' tbetic was withdrawn, and she was laid upon her left side. Breathing waa 

I rapid, but fair ; pulse about the name as at first. Ju^t as the fistula was 
divided, about two minutes after the cessation of inhalation, the patient 
screamed, and passed urine ; her pupils dilated, and her face became 
pale, the heart had ceased to beat. Respiration also ceased after a few 
moments. Artificial respiration by Howani's method, electricity, injection 
of brandy into the rectum, and venesection, all tailed, though tried for an 
hour, Avtopsi/. — Heart collapsed, pale, covered with fat ; its weight waa 
nine ounces and three-quarters ; its walls were very thin, and under the 
microscope showed fatty degeneration. Atheroma on the mitral valve and 
aorta. The other organs were full of blood, but healthy. — East Suffolk 
Hospital ; Bril. Med. Joum.. May 25, 1878. 

I 352. Male. Amputation of the leg. Had inhaled chloroform until in- 

Bensible, when, just before tlie commencement of the operation, alarming 
symptoms appeared, and death took place at once.— Edinburgh Royal 
Infirmary ; Jlril. Med. Joum., June 1, 1878. 

353, Another case, almost identic^ with tlie last, ia said to have oc- 
curred in the same hospital. Particulars not given. — Edinburgh Itojal In- 
firmary ; loc. cit. 

Sfii, Male, a young man. Iridoctoniy. Had inhaled two drachms the 
day before, without accident Patient was not fully an^'sthotized during 
the operation, which lasted about five minutes. The heart suddenly 
stc^lped. two or three gasps for breath followed, and the patient was dead. 

I — J. G. Brooks, Paducah. Ky. : Ath. Med. Bi-wedcly ; Brit. Med. Joum., Oc- 
tober 12, 1878. 

355. Male, forty-four years ; laborer, tall and well-developed. Fistula 
in ano. Heart- sounds healthy. Patient very anxious and excited. Chloro- 

Lform given from a drop-bottle on lint. Inhaled two drachms very quietly 
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became widely dilated, and bis pulse Btopped, Electricity was immedi- 
ately applied over tlie lienrt ; the chest was severely slapped with a wet 
towel, and brandy was injected into the rectum. Respiration was gasping, 
BO the patient was inverted for a few seconds, and fur a few mtuutes be 
breathed more regularly, though the heart could not be felt Another in- 
version was then performed, but without effect, and about five uinutea 
from the time he commenced struggling he ceased to breatbe. Artificial 
respiration and electricity were continued about twenty mlnutfis. Autopsy, 
twenty-one hom-s after death. —Rigor mortis; lungs bj-pertemic ; heart 
covered with fat, flabby, its walls pale and thin, the cavities dilated, valfes 
healthy ; liver, spleen, and kidneys hyperscmic ; brain healthy, but slightly 
hypencmic ; microscopic examination of the heart showed fatty degenersr- 
tion. — Sheffield Infirmai*y ; Brit. Med. Jonrn., October 12, 1878. 

356, — Female, thirty-eight years. Dislocation of the elbow. Death 
during inhalation. — Drumoondra ; Brit. Med. Jonrn., October 19, 1878, 

357. Male, fifteen years ; clerk, in good health. Reamputation of an 
nlcerated stump of an amputated humerus. Two and a half draclime of 
chloroform were given on lint Immediately after the close of the brief 
operation — whichlastedonlyoneminut«— respirationstojjped. The tonguo 
was drawn forward, and breathing began again. The wound ceased to 
bleed, though exhibiting signs of sensibility, and the pulse was gone. 
The usual endeavors to restore life were continued for an hour. A utopsy, 
— Lungs healthy, the right apex slightly adherent ; heart healthy, tight 
side distended with dark fluid blood, left side contracted. The stomadi 
was disteniled with air. Other organs healthy. — Newcnstle-on-Tyne In- 
firmary ; Brit. Med. Joiirn., October 26, 1B78. 

358, Male, three yeara. About to be operated upon for some viol/orma- 
tion — nature not stated. Twenty minims of chlorofoi-m were given with 
an inhaler when the pulse suddenly stopped, and the apparatus was re- 
moved. The cliild soon recovered, and was then again made to inhale. 
The pulse again stopped, and this time respiration ato ceased. Artificial 
respiration could not bring back life. Autopi^]/. — The deceased was awetddy 
child, and the lungs had never been pro^jerty inflated, a defect which had 
not been noticed prior to the operation.— Cliaring Cross Hospital; Brit. 
Med. Jouriu, November 9, 1878. 

369. Female, married ; in delicate health. Tooth extraction. Half an 
ounce of chloroform on a napkin. Death during operation.— .Ssminp Tete- 
graph, Philidelphla, March 22, 1878. 

360. Male, forty-one years ; in feeble health. External perineal urethrot- 
omy. An ounce of chloroform was used. Death during the operation. 
Among other restoratives amyl nitrite was used without eflect. — McGkiire : 
Virginia Med. Montldy, May, 1878. 

361. Mole. Hydrocele. Sudden death after inhalation of about half 
an ounce (15—20 grammes) of chloroform. Tracheotomy and eveiy other 
method of relief was tried without effect — Autopsi/ negative. — Dum- 
reicher, Vienna : AUg. Wien Med. Zeii., December 21, 1878 ; Med. Timeaand 
Gaz., January 25, 1879. 

362. Male, eight years : healthy. Extraction of a needle from the knee. 
Pour drachms of chloroform were used. The operation was ended, and the 
anicsthetic bad been withdrawn for about five minutes, when the counte- 
nance became lirid. Artificial respiration and electricity for nearly three- 
quarters of an hour. J (i^ywy negative. — Rainham: Brit. Med. Jovrtu, 
March 8, 1879. 

369. Di^ocation of the ankle-joint, and fracture of the lower end of the 
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tibia. During the adjuatment of the parts the breathing heoamo stertor- 
ous, an J almost imuiediately ceased, ^Iw/o^i/ negative.-^Toronto ; Oaiuula 
Lancet, June, 1H7!!. 
I 364. Female, fourteen years. Inflammation in the elbow-joint. Ab- 
scesses formed in the arm, and had been twice opened under chloroform 
without accident On tlie third occasion chloroform wus at 6rst inhaled 
yery easily and quietly, but the bretithini; soon became noisy and embar- 
rassed, and the face began to giow hvid. The usual restoratives were 
employed without effect Death was attributed to asphyxia. — St. Leon- 
ard's Cottage Hospital, Mildenball ; JirU. Med. Jouni., p. 97, July 19, 1879. 

365. The patient was sulfering from an injury of the foot, and was the 
subject of delirium Irt^mens. Chloroform was given to procure sleep. 
Death instead. — Middlesex Hospital; Urit. Med. Joum., p. 509, Septem- 
ber 27, 1879. 

Stifi. Female, adult ; single. Tumor of the breast. Chloroform. The 
pulse soon began to fail, and she died in spite of every efibrt. — Guide 
Bridge ; Brit. Med. Journ., p, 666, October 2S. 1879. 

367. Male, seven years. Hod been two years under treatment for con- 
traction of the sinews of the legs and arms. Tenotomy wns performed 
under bichloride of methylene, and next day he inhaled chloroform for 
the purpose of having the limbs placed in splints. At first he was ex- 
cite^ but as he became more quiet, the surgeon began to apply the splints 
when it was found that the chUd was not sutticiently insensible. Just as 
more chloroform was about to be given, respiration ceased. Artificial 
respiration failed to revive the patient. — Univereity College Hospital ; Brit. 
Med. Journ., p. 627, October 18, 1879. 

368. Male, adult ; vigorous laborer. Eoncleation of the eyeball for 
an old injury. Chloroform given on a towel. Patient was qiiickly antea- 
thetized without a struggle. Operation was completed in less than five 
minutes. Three or four minutes after withdrawing the anafsthetic, when 
about to dress the wound, respiration suddenly ceased, and the face be- 
came livid. Tongue to the front, electricity, amyl nitrite, brit without suc- 
cess. Aiilnjm/.— Intense congestion of the kidneys. Heart and lungs ap- 

Cntly healthy.— General Infinuory, Hull; Brit. Med. Journ., p. 871, 
jmber 29, 1879. 

369. Orbital tumor. Tlie patient died from chloroform. No particu- 
lars, — Edinburgh Boyal Infirmary, Brit. Med. Journ., p. 949, December 
13, 1879. 

370. Male, adult. Necrosis of bones of the leg. Death from chloro- 
form during operation. Had previously inhaled chloroform. — Liverpool 
Boyal Infirmary ; Brit. Med. Journ., p. 1043. December 27, 1879. 

371. Male, forty-two years ; surgeon. Had been in the habit of in- 
haling chloroform from time to time, for nine years previous, to induce 
deep. He had retired to rest apparently in good health, and was found in 
the morning lying upon his bed, partifUly undressed, and evidently dead 
for some hours, with a piece of lint, nine or ten inches sqiiare, l.'^iiig upon 
Ms face.— Brampton ; Brit. Med. Journ., p. 17C, January 31, 1880. 

372. Removal of a projecting phalanx from an injured finger. Death 
occurred before any operative interference. Autopsy. — Fatty liver ; other 
organs healthy. —Edinburgh Boyal Infirmary; Brit. Med. Journ., p. 178, 
January 31, 1880. 

373. Male, fifty-sis years ; had twice taken chloroform without acci- 
dent "Wbile inhaling the vapor for the third time, he suddenly became 
livid, and it was found that his heart had ceased to beat. Artificial rcspi- 
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tation and the usual restoratives did no good. — South Infirmary, Cork: 
Brit. Med. Joum., p. 372, March G, 1880. 

374. Death from chloroform, inhaled for an operation for the relief d 
strabiamus. — MooriSelds Ophthalmic Hospital, 187S ; Brit. Med. Joum., p^ 
999, December 18, 1880. J 

375- Mole, adult ; waiter. Dislocation of the shoulder. The patient 
died during or immediately ofter the reduction. He breathed the oases- 
thetJc easily. The pulse stopped first, and was soon followed by cessa- 
tion of respiration. -4u!»psj.— Heart large, with much fat in its subetonce ; 
lungs emphysematous ; liver fatty. — Eadcliffe Infirmary ; Brit. Med.Joum.t 
p. 900, June 12, 1880. 

376. Mole, adult ; a tramp. Had been half starved for nine daj 
"ComplnJuing of severe pain in the lower part of the body, he was sent 
the infirmary. An operation being necessary, he was put under chlaro>.| 
form, but died from syncope of the hearl." — Blackburn Infirmary ; Brit.- 
Med. Joum., p. 101, July 17. 1880. This is entered as a caso of hernia. 
—Brit. Mwl Journ., December 18, 1880. 

377. Female, thirty-five years; married. Died in the office of n dentist^ 
where she was inhaling chloroform for the estractiou of a tooth. — Liver- 
pool ; Brit. Med. Joum., p. 352, August 28, 1880. 

378. Mole, fifty years ; plumber. Compound (rapture of the left tibia 
and fibula, and a simple fracture of the left femur, opening into the knee- 
joint, necessitating amputation. Had twice before taken c&orofonn witl^ 
out accident. Two drachms of chloroform were given with Skinner's in- 
haler. Inhalation went on quietly for four or five minutes, when tiie 
patient attempted to rise, and spat a little mucus. Half a minute later, 
wtiile inhaling, the lower jaw fell, and the face turned blue. The tongue 
was drawn out, and artificial respiration commenced. After five minutes 
the patient began to breathe spontaneously, and the pulse returned at 
the wrist Very soon, however, the pulse fluttered, became intermittent; 
and stopped altogether, respiration fiuling at the same time. Aiilupsy. — 
Fatty heart; cedematous lungs; granular kidneys. — Loudon Hospital; 
Brit. Med. Joum., p. 529, September 25, 1880. 

379. Male, forty-two years. Epulis of the upper jaw. Two drachnU'j 
of chloroform. The patient had just come underthe influenceof the anie»»; 
thetic when the heart suddenly stopped. Artificial respiration for tai 
hour, electricity, ati-opine hypodermically. AuUipnij. — Fatty degeneration 
of the heart — West London Hospital ; Brit. Med. Journ., p. 559, October 
2, 1880. 

380. Male, fifty-nine years ; foreman. Lithotrity. Had been operated 
upon iinder chloroform about ten days previously, and a portion of the 
stone was then removed. At the second operation about two and a half 
drachms were given, a few drops at a time, on a piece of flannel stretched 
over a wire-frame. The stone was crushed twice, and the operator waa 
about to crush it a third time, when the patient turned very pale. The in- 
strument was withdrawn, and the patient was inverted and dapped on the 
chest with a wet towel, but although breathing continued for about half an 
hour, the heart did not move again. Autopsy. — Heart weak and flabby, 
especially the right ventricle ; lungs healthy, with the e:u:eption of one lib- 
tie patch.— Hull ; Brit. Med. Joum., p. 699, October 9, 1880. 

381. Female, eighteen years. Death under chloroform. Electricity 
and other restoratives failed.— Eoyal Albert Hospital, Devonport ; BriL 
Med. Joum., p. 749, November 6, 1880. 

382. Male, forty-three years ; hod inhaled chloroform about one montb' 
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previoual}-. williout accident. Erysipelas of the iirm and haijd uecessitated 
tbe amjiiitatiou of a gaof^-enous tiuger. Chloroform was given on flannel 
Btretched over a wire-frame. Some struggling took place. Immediately 
aft«r the indimtiou of imitBtheBia the patient ceased to breathe, and the 
ptilae stopped. He di'ew a few breaths after this, but iii spite of artificial 
respiratiou and ti-acheotomy he never raUied. — Ghiy's Hos^rital ; Bril. Med. 
Journ., p. 935, December H, 1880. 

363. Male, thirty-five yeara, sis feet seven inches liigh, and weighed two 
hundred and thirteen pounds. Bemoval of a wen upou the ueck. Death 
was ascribed to " heart-disease." — Lniiigville. Med. News, November 2, 1880. 

384. A patient died under chloroform, given for an operation upon a 
necrosed tibia. Aulnjutij showed an adherent pericardium. — Liverpool 
Infirmary ; Jirtt. Med. Journ., p. 999. December 18, 1880. 

385. Death from chloroform, caused by sjmcope. Avii/p^ii negative. 
Organs healthy.— West Norfolk Hospital ; 'Bril. Med. Journ,, p. 999, De- 
cember 18, 1880. 

386. Death from syncope, duiing an operation for the relief of strabis- 
muB, — Cirencester Cottage Hospitid ; Brit. Med. Journ., December 18, 
1880. 

387. Male, twelve years ; scrofulous. Tenotomy and eiteosion of the 
leg, on account of white-swelling of the knee, with contraction at an acute 
angle. Chlorofoi-ra was given, with Esmarch'e inhaler, to the amount of 
twenty-two grammes. The patient resisted at first, but soon became quiet 
The operation was then perfoi-med. Aft«r the operation the patient 
screamed, and showed signs of pain. Befoi'e a fi'esh dose of chloroform 
could be given, to fiiciHtate the appUcalion of a gj-psum bandage, tlie heart 
ceased to beat. Respiration ceased a few seconds later. Tongue drami 
forward, and electricity to the phrenic nerves, revived the patient, and he 
again cried out, but the pulse ami respiration soon ceased again for good. 
AutO{j«y — Internal organs all healthy ; blood dark and fluid ; venous ays- 
t«ni everjwhere tlistended ; left ventricle nlone contracted. — Prof. Dr. Bar- 
deleleben, Berlin Chai-itu ; Deutsche med. Woch., June 7, 1H79 ; Med. Times 
and Gaz., Aug. 2, 1879. 

388. JUIale, twenty-one years. Tooth-extraction. Died in a dentist's 
chair under the influence of chloroform. — St. Johnsbuiy, Vt ; The Med. 
Secard, Jaumuj 10, 1880. 

889. Male, five years. Removal of a piece of glass from the foot. Dur- 
ing the operation the father, who was holding the boy, fainted, and both 
(ell from the chair to tbe floor. The boy expired almost immediately af- 
terward. Death was due to paralysis of the heart. — Somerville, N. J. ; Tlie 
Med. Record, p. 135, January 31, 1880. 

390. Male, eighteen years. Injury of the left foot. Three drachms of 
chlorofonn. Anloimj. — Hepatization of the lower lobe of the left lung, 
and congestion of the remainder of the lung. The left side of the heart 
was empty ; the right distended with blood, — St. John, New Brunswick ; 
The Med. Ileimrd., p. 191, February 14, 1880. 

391. Male ; robust young farmer, very nervous. Necrosis of the tibia. 
Before he was fully anaesthetized, respiration stopped, and could nut be 
renewed. Aiilitpxy negative.— Bennett College Clinic, Chicago, January 
8, 1880 ; 77(« Med. Record, p. 581, May 22. 1880. 

392. Male, thirty years ; irregular habits, but very muscular. Tumor 
on the forehead. Had iuhaled chloroform when ten years of age. and was 
mode ill by it. Before inhalation the pulse was good. Chlorofonn given 
on a t«wel. The first dose was two drachms. After a minute or two a 
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third drachm was added. The patient then struggled Tery violently, i 
his face became livid. The unatatlietic was then withdrik^Ti. Breathing 1 
became very alow and gasping. Tongue forward ; artificial respiratiou. 
A galvanic battery was sent for, and brought from the iufirmarj-, Eflbrls 
at restoration were continued for an hour. Death occurred about four 
minutes after the admin istratiou of chloroform. Autopsy negative. — Don- . 
caster. England ; Bril. Med. Journ., p. G2, January 8, 1881. J 

3y3. Female, thirty-aii years; primipara. In good health, weighing! 
145 pounds. Had been unusually well during pregnancy ; kidneys healthy, 1 
urinary secretion normal. Had been in natural labor for eight hours. 
The OB uteri was fidly dilated, and the head was descending. The severity 
of the suffering caused her to insist upon chloroform, and finally the phy- 
sician allowed her to inhale, intermittently, a few drops at a time from a 
handkerchief. She tlid not become unconscious, and at the end of ten 
minutes began to complain of a sense of thoracic oppression and d^pnu-a, 
desiring to be rai.sed into the sitting position. She was thus raised up, 
and immediately the neck and face became hvid. The patient was at 
once placed in the horizontal position, but had already become uncon- 
scious. She frothed slightly at the mouth ; the cheeks were blown out in 
expiration, and, after half a dozen sighing respirations at increasing inter- 
vals, she ceased to breatlie. Tlie condition of the pulse was not obsen'ed. 
Hypodermic injection of atropine (^',| gr.). followed by liolf a drachm of 
ergotine, was unmediately performed. Artificial respiration was continued 
for an hour. Friction of the surface, afl'usions upon the chest, and inver- 
sion of the body were employed, but all in vain — there was no sign of Ufb J 
after the cessation of respiration. The child was left undelivered. Nofl 
autopsy. — Wallace K. Hairison, Chicago, March, 1881. 



I of the patient was recorded, , 
The ages of such patients as were known are recorded as foUows : 



Of the preceding cjwea, in which the s 
>2 were moles, and 108 were females. 



From 2 — 6 years . 

From 6 — 10 years 15 



Fi-om 41 — 45 years. . 
From 46 — 50 years . . 



30| 



From 11 — 16 years 25 i From 51 — 60 years. 



From 16— 20 years.. 
From 21—25 years.. 
From 26—30 years. . 
From 31 — 35 years. . 
From 36 — iO years.. 



From 61—70 years im 

From 71—80 years *' 

From 81—90 years 



27 ' 



Death occurred : 

At the commencement of inhalation 15 

Before complete insensibility 99 

During the period of insensibility 70 

After completion of operation 35 

219 
• Aged, reepectiTely, 3, 8, 4^, ud 5 yam™. t igedi 88 jmt 
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In one inst^iuce death took place sfiTenil hours after inhalation, and 
yitus directly caused by cerebral heuiorrbage occurring upon a brain which 
bad been previously injured by old inflammatory leaionB. Chloroform iu 
this case was not the immediate cause of death. 

The cases in which was recorded the time fliat intervened between the 
<>oinmencemeQt of iulmlntioQ and the oucurreuce of death, were as fol- 
lows: 

Less than 1 minute 4 

From 1 — 2 minutes H 

From 3— 4 minutes 7 

From 5^ 6 minutes 11 

From 7 — 8 minutea 4 

From it— 10 minutes 7 

From 11—12 minutes 1 

From 13 — 15 minutes 8 

From 16—20 minutes 3 

25 minutes 1 



Death occurred ; 

Immediately after addition of more chloroform to the 

inhaler or napkin 13 

Inunediatttly after the first incision, or extraction 15 

ImmeiUately after audden displacement of the body 9 

Death was caused in four cases by obetructioD of the respiratory 
passages ; in one instance by vomited matters passing into the trachea ; 
Tomited raatters iu the (Esophagus pressing against the trachea ; in one by 
in one by the paaaage of blood into the timrhea ; and in one by a metallic 
plate, with artilicial teeth, getting itself displaced into the pharynx. 

The anicsthetic wim administered with some form of inhaling appara- 
tus in 46 cases. It was siniply vaporized upon a napkin, towel, sponge, liut, 
oharpie, or an ordinary pocket- lumdkerciiief in 139 cases. Not speci- 
fied, 207 cases. It waj* self-administered in 20 instances. 

Death was citused on sis occasions by tlie inhalation of chloroform 
during the pains of natural labor. 

Sudden death occurred in three cases of delirium tremens, and in one 
case of insanity, where chloroform was administered to quiet the ravings 
of the patient 

In one case it was fatal to a patient sufiering with tetanus. 

Tlie following table itidicatfls Uie different siirgical operations for which 
chloroform was udministereil with fatal effect The first column contains 
the operations actmiUy performed or commenced ; the second coliuun 
Rpecifies the operations proposed but not performed : the third column 
enumerates the cases iu which the record does not give any information 
regarding the performance or non-performance of the operation. 
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Thnmb 

Hip 3 

Nnture not specified 

Ampntatioca — Fingers oi toea 6 

Fare-Brm 

Footi.'."."'.\..".'..".^V.".'.V.'.'!^^l"l^!!!^! !!"'"!!" i 

Leg. 3 

Thigh 4 

Hip-joint 3 

BeatnpalatinuH 3 

Dtessing ot traoturea, or eorere injuries 7 

OperatiDDB tor carieE 01 necroiiit ol bonei 4 

Operatioua on joints, and foioibla exteoBioit of joints 5 

Ligation of an artory 3 

Exploration o( the livar by puncture 1 

Opeaing; absueenGH or inciidon of sinuses 3 

Jnuieion of a cicatrix foi defonuity after a bum. etc 1 

DreBsing a bum 1 

CHUteriutlion of ulcers, oBuiilly upon the genital orgiina 4 

Opecationa upon the male sexual organs 18 

Operations upon the female aexaal organs 3 

Lithotomy or lithotrity 3 



xiiny , , 



Ova 

Open. 

Operationti for the relief of strangulated hernia ... 1 

Iteinoni ot tumors, including onnceioaa breasts and toogues 15 

Extraction of a needle from the knee 1 

Minor surgery of the loot 5 

Minor Burgeiy of the hand 1 

Staphjlorraphy r, 1 

Eitractionot teclh . 10 

Operations on the 1:70 lH 



Total.. 



. 143 



A perusal of the history of these caaee ia euffieient to produce the < 
viction that comparatiTely few of the oases of death from chloroform havs^ 
been acknowledged and published. Tlie vast majority of the cases thus 
far reported have occurred in the hospitals of Great Britain. A death 
from the use of chloroform in private practice is seldom announced, unless 
it may chance to have liappened in the office of an unlucky dentist. Then, 
of course, there is great publicity, and the event is carefully chronicled- 
Occasioiiatly some elderly physiciau alludes in a cautious manner to a case 
of which he was cognizant, long years ago, in a remote qiiarter of the 
eartL In some such way it has been published (The C/inic, p. 150, Martih ^ 
31, 1877) that in Cincinnati and its adjacent territory not less than twen^-j 
five deaths from chloroform had occurred since the introduction of t' 
ana'sthetic. Several of these cases may be found among the preceding^ 
histories, but the majority of them are too imperfectly reported to poasees 
any value. 

In addition to the cases previously recorded, may be preaent*d the fol- 
lowing examples of death from the use of chloroform, either in combination 
with ether, or given alteraately with that anivsthetic. 



1. Female, eighteen vearH of age. Albany, 1854, A tumor 
□m the neck, under the influence of successive inhalation 



b. 



remore^^^l 
of eth^^l 



DEATU DURING TUE INUALATIOK OF CULOROFOKM. 197 

acil cbloroform. Death took place two hoiim after the concluaiou of the 
opei'ation, and was probably due to shock and loaa of blood. — Report of 
the Committee of the Boston Society for Medical Improvement ; Bonlon 
Med. and Surg. Joum., October 24, 1861. 

2, A patient in the city of Lyons, France, 1858, died suddenly during 
the inhalation of chloroform given subsequently to the aduuiuuti'ation of 
ether. — Loc. cU. 

3. Mole, five years of age. Virginia, 1857. Inhaled a mixture of 
ether and chloroform, for the removal of a tumor from the back. The in- 
ciaions were nine inches long ; eix arteries required hgatton ; about six 
ounces of blood was lost ; vomiting took place, and death followed. In 
this case the antesthetic pi-obably was not the principal cause of death. — 
Am. Journ. Med. .SW., July, 1857. 

4 Female, forty yeaiu Bleeding from a punctured wound on tlie 
outer side of the right fore-anu, close to the bend of tlie elbow. Had lost 
a, large amoimt of blood, evidently from the radial artery. It was decided 
to ligate the artery. One drachm of a mixture (chloi'oform and ether, 1 :'2) 
was given on a sponge. This was followed by a second drachm, and as 
the patient still struggled, a third drachm was poured upon the spon^i^e, 
but, before it coidd be atlministered, the pulse suddenly stopped. Res- 
piration also ceased almost immediately, and could not be revived. Elec- 
tricity, brandy enemata, and artificial respiration for more than on hour, 
were useless. Autopsy. — Extensive bronuhitia Fatty degeneration of the 
heart Liver large, Mty, and soft. Kidneys sofi — " Ludlow, Bristol Boyal 
Infirmarj- ;" M':d. Tinvin and- Gaz., p. 378. October C, 186(!. 

5. Female, forty-five years. Fatty tumor of the back. Chloroform waa 
given on lint, but the pulse become irregular, and ether was substituted. 
The pulse then improved, but suddenly stopped, the face being dusky red. 
Ether was given on a sponge in a felt cone. About one ounce was used. 
A'il.Qpf:y negative. — Both lungs were gorged with blood. — West London 
Hospital, February 18, 1873; BrU. Med. Jouni.. p. 290, March 2, 1878. 

U. Female, middle-aged ; Irish ; robust. Rhinoplastic operation. A 
preliminary operation had been successfully performed. Cliloroform was 
first administered, then ether. Insensibility not being thus satisfactorily 
induced, chloroform was again given with the desii-ed result, and amts- 
thesia was from that time maintained with ether. As the surgeon wna 
about to commence his incisions, the patient suddenly grew pale and the 
pulse ceoseiL Artificial respiration, electiicity, laryngotomy, and all the 
other methods of resuscitation, were of no avail — Prof. Frtmk Hamilton, 
Bellevue Hospital, New York ; Med. Itecord, p. 2i, March 1, 1867. 

7. Female, adult. Extraction of a tooth. Inhalation of a mixture of 
chloroform ond ether. Sudden death. — Bontoii Med. and Surg. Journ., No- 
vember 20-27. 1873. 

8. Male, twenty-eight years. Amputation of the thigli. Chlorotbna 
WHS first giveu, but, owing to the dangerous prostration produced by it, 
ether was substituted for it Vomiting occurred, and the patient died of 
asphysia, causeil by the lodgment of a piece of meat in the trachea. — Guy's 
HoBpitid ; Bi-U. Med. Journ., p. 3H1, September 16, 1871). 

9. Mole, thirteen years. Tenotomy. Chloroform and ether were given 
alteniately uutU the patient died. — Tipperary Hospital ; Bril. Med. Journ., 
p. 788, December 16, 1876. 

10. Female, twenty-one years. Amputation of the leg. Two drachms 
of chloroform on lint ciuietly aniestbetized the patient ; two ounces of ether 
were theu given from a felt cone. While the suigeou was applying 
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'Etitaexch'B baDdage, the face became blue and the pulae Btopx>ed. 
— Prictioo-patcheH on the heart, but no pericarditiB ; wall of right vetitri<l 
very thin, left side thicker than usual, pale, but not soft ; mitral valves " 
much thickened, chordip tendinere thickened, papiJlory muscles hypertro- 
phied ; an irregular ulcer, as large as a silver aixpenc*, at the junction of 
the anterior curtain of tlie mitral valve with the w^ of the ventricle; 
aortic valves thickened, but not insufficient ; two large decolorized clot« in 
the left ventride. —Westminster Hospital ; Bril. Med. Jouru ., p. 396, March 
31, 1877. 

11. Female, forty-sis years ; extremely fat and hebetated. Operation for 
senile cataract. Chloroform was given with Clover's inhaler, for three or 
four minutes. Front the lirst respiration was shallow, and the pulse waa 
feeble, but not intermittent. The face became slightly livid, and ether wo» 
given for two or three minutes longer, when the patient expired. Autopsy. — 
Heart flaccid and empty ; mitral valve contracted, aortic valves insufficient. 
Kidneys fatty and granular. — Ophthalmic Hospital, Moorfields : Brit. Med. 
Jaum., p. 26e, August 25, 1877. 

12. Female, thirty-two years ; married. Fistula in ano. November 22, 
1877, inhaled a mixture of equal ports of ether and chloroform without 
accident. Eight days afterward the wound needed examination, and ab« 
inhaled from a napkin a mixture of ether and chloroform (2 : 1), A few in- ^ 
halations produced violent excitement and shouting. Her feoe \ 
turgid, the whole body rigid, and in a few seconds the patient was dei 
No autopsy. This person had been an opium-eater for many years, m 

at the time of her death was accustomed to take two or three grains i 
morphia at a dose. — Henry Van Buren, Chicago ; Chicago Med. Journ. a 
Ex.,^. 268, 1878. 

13. Female, twenty-eight years ; accidentally got a pin into her t] 
It could not be removed, and an abscess formed about it. After neariy & 
month she inhaled ether for an operation for its removal, but, as it did not 
act favorably, the operation was postponed for an hour. Ether was then 
given, and also some chloroform, but after about a minute the patient bft- 
gan to breathe badly, and the anresthetic was removed. Artificial respiiB- J 
tion revived the patient, but she died the next daj-. The cause of deadM 
was said to be inflammation of the lungs. — Guy's Hosirital ; Brii. Med, I 
J<mrn., p. 490, March 29, 1879. I 

14. Female, eight years ; strabismus. Inltaled u mixture of ether and 
chloroform. After the operation, passed into a state of collapse, and died 
seven hours after the inhalation.— Ophthabnic Hospital, Moorfields ; Bril. 
Med. Journ., p. 562, April 12, lfi79. 

15. Male, fourteen years ; vei^- anicmic. Spontaneous luxation of the 
hip-joint after osteo-myelitis in the right lower extremity. Inhalation of 
a mixture of oliloroform, ether, and alcohol (10 : 3 1 3). The patient died 
suddenly during profound anresthesia. — BUlroth's Elinik, Vienna ; Alig, m 
Wien. vied. Zeil., No. 48, 1880. ■ 

Iti. Male, under middle age, weakly, having been an invalid for seiwl 
eral years. Amputation of a crushed thumb. Ether was tirst given, hxA, | 
not being readily anoesthetized, chloroform was substituted. After a few 
inspirations the patient died. Aulopfty. — Heart fatty ; valves diseased.' — 
Chicago ; Tke Med. Record, p. 581, May 22, 1880. 

17. Male, thirty-three years, robust and intemperate. Gangrene of 
the right middle finger, necessitating amputation. Two ounces of whis- 
key were token ten minutes before the commencement of inhalation. The 
Huiesthetic was a mixture of equal parts of ether and chloroform, given oil 




DURING TIIE INHALATION OF OHLOROFORH. 

a pieee of lint covered with a towel. About two drachms were poured on 
the doth, wjtliout apparent effect. Shortly after, ahout the same (juantity 
W118 poiired on the cloth. This produced no effect, and about three or 
four drachms more were abided. The patient then began to laugh, to ges- 
ticulate, and to utter semi-orficuhite sounds. He soon became uncon- 
Bcioua, and the pulse ceased to bent. The anaesthetic war at once re- 
moved, and cold water was dashed upon the face : but, in spite of every 
poBsible effort, the patient could not be revived. — Cleary, AsBistont Sur- 
geon, U.S.A., I'hilade/pliia Med. Times, March 15, 1879. 

A review of the umnner in which death takes place under the influences 
of chloroform indicjites at least two principal claasea of characteristic phe- 
nomena. Death occurs cither as a result of over-excitement of the nervous 
apparatus, or as a result of its paralysis. To the first elasa must be as- 
signed those cases which take place instantaneously, almost at the com- 
mencement of inhalatiou, and those cases in wlucb death suddenly termi- 
nates a scene of violent muscular excitement. To the same class may be 
assigned the cases iu which death follows the hi-et incision. Simpson has 
recorded a number of examples of sudden death without chloroform, in 
which the first touch of the surgeon's knife was the immediate cause of 
disBolutioD. Tliough it is true that the bemunbing effect of auieathetio 
vapor tends to diminish the danger from this source, it still remaius pos- 
sible for an enfeebled and irritable nervous apparatus, which has not been 
fully overwhelmed by chloroform, to succumb under the shock of such a 
contiict. The comparatively Ixkrge number of deaths which have instanta- 
neously followed the reduction of a dislocation involving an important 
iiiint. like the hip or the shoulder, all point to the same cause. It is 
hardly posBible that a fatol result should iu any other way be connected 
with the first few whiffi of the vapor which have sometimes occasioned 
sudden death. It is during the initial stage of nerve-escitement that such 
deaths have occurred, before the blood and the tissues could be saturated 
with the auEesthetic. The peripheral excitement of the fifth pair, and the 
respiratory filaments of the pneumogastric nerve by chloroform may be 
sufficient to inhibit the respiratory centres in the medulla oblongata, 
thus producing respiratory and cardiac arrest, just as a powerful mental 
emotion or a painfid peripheral impression may effect the same result. 

Somewhat different is the mode of death when a period of violent ex- 
citement and muscuJar rigi<hty is fatally terminated. Tlie phenomena are 
then the result of asphyxia and anresthesia preceded by the symptoms of 
nervous excitement. Spasm of the muscles of the glottis, and rigidity of 
the respiratory muscles, the result of peripheral irritation, may induce a, 
condition of genuine asphyxia. But the typical forms of simple suffoca- 
tion, such as are presented when the trachea of a healthy animal is sud- 
denly occluded, cannot be produced under chloroform. The action of the 
antGsthetic must necessarily modify and mask mauy of the movements 
which would otherwise take place. 

Undoubtedly the occurrence of asphysia as a cause of death under 
ohloroform would be more frequently recognized, were it not for this in- 
hibition of some of its most conspicuous phenomena. The researches of 
Paul Bert {Compfeit lieii^ug. Soc. de Biologie, Sfiance du 26 ff-v., 1881) in- 
dicate that, whenever a certoin relative quantity of any anffisthetic haa been 
introduced into the blood, asphyxia will inevitably occur. Lesser degrees 
of impregniitiou pnxluce the phenomena of amipsthesia alone ; but, as soon 
OB a. certaiu degree of saturation is reached, asphyxia appears. Exi)eri- 
menting upon the dog, the animal must breathe on atmosphere charged 



with the vapor of ether in the proportion of 37 fjrniumeH of ether to H 
litres of nir, in order to proiliice ausesthesia. If the qoantity of ether be" 
doubled, bo Uiat 74 grammes of ether are mixed with 100 litres of air, 
the animal will at once die asphj-xiated. For each anteathetic substance the 
absolut* qnantitj differB, but iu every instance the relation between the 
amount necessary for the pi-oductioQ of simple auii-^sthesia and the quanti^ 
which will cause asphj-xia and death ia nearly the same — 1 : 2. Oue hun- 
dred htres of air must contain the vapor of 15 grammes of chloroform in 
order to produce auiesthesia, and of 30 grammes to occasion death by 
asphyxia. Foramylene, the quantities are 30 grammes and 55 grammes; 
for ethyl bromide, 22 grammes and 45 grammes ; for methyl cLloride^ 
21 and 42 c.c. of the gas to every 100 c.c, of air. A knowledge of these 
(acts renders it easy to comprehend the manner in which deatii has been 
BO often observed as the inuuediate consequence of a fresh charge of 
chloroform upon the inhaler. If the patient has been breathing air 
chai'ged with chloroform in the proportion of 25 grammes to 100 litres, a 
email addition only will be necessary in order to reach the asphyxiatiiig 
point ; and death may occur suddenly without accompanying symptoms m 
excitement, because all power of muscular movement has been effectually 
abolished by the previously established condition of profotmd amc^thesia. 
Asphyxia tiius produced may very properly be termed par^ylU: aspkyjria, 
when conti-asted with the results of convulsive rigidity of the respiratoiy 
muscles under the influence of a powerful excitant. It is highly probaUe 
that to this form of asphyxia may be assigned tlie majority of those catfta 
in which death is said to have been the result of syncope. It has, indeed, 
been experimentally proved that an overdose of chloroform conveyed di- 
rectly tlu-ough the Jugul^ vein or the pulmonary arteiy may cause imme- 
diate death through paralj'sis of tlie heart. This would constitute genuine 
death from syncope — from failure of the heart But this does not agree 
with the results of physiological experiment under the conditions of ordi- 
nary inhalation. It has been shown that death, under such circumstances, 
begins at the respiratory centres, while the heart continues to beat for an 
appreciable time after the cessation of respiration. Against tins result of 
exact experimental observation cannot be arrayed the necessarily imper^ 
feet impressions which originate diu^ng the confusion attendant upon an 
anxious eilbrt to resuscitate a moribund patient It is true that in the 
greater number of histories it is recorded that the pulse stopped first, and, 
after a few seconds, respiration also ceased. But the i-everse has also been 
distinctly noted in a number of instances. The stoppage of the arterial 
pulse does not necessarily imply a complete caidiac arrest — it merely in- 
dicates cardiac insuiSciency. It is very easy to recognize a cessation of 
respiratory movement, but it is by no means easy to detect, especially 
through the clothing, the feeble pulsations of the heart in n conilition of 
^Tieope. Were it a fact tliat iu the majority, of instances danger ap- 
proaches through the heart, it would be impossible to account for the fK- 
quent success which has attended artificial respiration, inversion of the 
body, and faradization of the respiratory muscles, in cases of suspended.. 
animation from chloroform. Electro-puncture of the heart, which alwa] 
fails to do good, should, according to such a h^'pothesis, be the most 
fectual means of revival. 

After all, the great fact remains that, in a very large proportion of 
cases, death from chlorofonn. as from other auft'stheticB, is the result of a 
general paralysis of the nervous centres. The functions of respiration and 
of circulation are so closely connected that the failure of one necessarily 
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causes tbe failure of the other. So closely related are the medullary cen- 
tres which preside over these functious, aiid so wide is the diffusion of the 
miffisthetic process, that a degree of tissue-pot aoning sufficient to paralyze 
one centre cannot fail to overwhelm the oUier. Paralysis of the respira- 
tory centre signifies absolute repose of the muscles of respiratiou. Paraly- 
sis of the circulatory centi-e merely Uberates the heart from all central 
control If its own intrinsic motor apparatus be uot simultaneously over- 
whelmed, it may continue for some time to beat, though lu a feeble and in- 
effectual way. 

Thus considered, it becomes evident that the actual structural condition 
of the heart must necessarily occupy a very much less important position 
among the causes of deoth under chloroform than was once supposed. 
Fatty degeneration of the heart wa^ formerly ranked as one of the most 
formidable causes of a fatal result ; but the progress of pathological anat- 
omy has shown that this is a, condition so frequently encountered after 
death from the most varied causes that it con no longer be considered as 
possessing any great importance among the predisposing causes of death. 
Like all otiier degenerations, it betrays a condition of corresponding weak- 
ness, but this loss of resistance is as general as it is local 



CARBONIC TETRACHLORIDE— Ca,. 

Tetrachloride of i.-arbon, Cldorocurbon^ E.; Carlmiu Irfmridoridiim, L; Bi- 
chloriire de varboiie, Fornieiw prtvhlore, F.; Vierfach-Chiorhihleniitoff, 
HHrachlormethan, Carbon-h-trachhnir, G. 

Specific gravity, 1.599. 
BoiUng-pomt, 78° (172.4^ F.). 
Vapor density, 5.24 — 5.33. 

Carbon tetrachloride is a thin, transparent, colorless oil, with a pungent, 
aromatic odor. Insoluble in water, it dissolves in alcohol and in ether. 
It was discovered by Regnault in the yeoj- 1839. Various methods of pre- 
paring it have been described. It may be formed directly fi'ow marsh-gas 
by replacement of tbe hydi-ogen with chlorine. It may also be prepared 
by the action of chlorine upon chloroform : CHCl, -fCl=HCl-(-CGl,. 

The greater molecular weight and the inferior volatihty of carbon tetra- 
ohlonde, as compared with chloroform, point to a more active power of dis- 
turbance and a greater persistence of phenomena after its use. When ad- 
ministered to animals it uniformly produces great mnsciilar inco-ordination, 
disturbance, and rigidity. During the period of auEesthesia, respiration is 
jerky, frequently intermittent, and sometimes actually dyspnuiic. The action 
of the heart becomes accelerated and irregular. In the frog a contraction of 
the smaller aiieries was observed by Hansom and Harley. The increased 
blooil-presaure thus produced is finally diminished almost to nothing ; the 
pupils dilate, and the movements of respiratiou and circulation are brought 
to a complete standstill 

Nunnely ascertainenl by personal experience that the inlialation of the 
vapor of carbon tetrachloride was at first rather irritating to the air-pas- 
sages. This soon disappeared, and was succeeded by a sensation of heat 
diflused throughout the liody. Ttie temporal arteries throbbed ; tliere was 
a feeling of great musrular weakness with labored breathing, and a dispo- 
sition to sleep. After the cessation of inhalation there was a persistent 
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feeling of heat, anrl n (p^at iodiapositioD to mental or pbysicnl exertion. 
Tide was followed by general wearinese, cardiac dobilit^, and uneasiueaB. 
Daring the night after the experiment, Bleep was restless and disturbed by 
frightful dreams. Similar disagreeable results were observed by Simpson, 
Protheroe Smith, and others who attempted to use the drug as a substitute 
for chloroform in childbirth and in dental surgery. Several deaths are 
said to have been caused by its use— a fact which need surprise no one. for . 
its chemical coosUtutiou and its physiological action indicate that it is an 
agent more powerful and more dangerous than chloroform. ' 

Dangeroiw pffectn of carbon letrachloride.—Maie; ana^'mic and exhausted. 
Resection of the hip-joint. Carbon tetrachloride was administered. Aft*r 
a few minutes the pulse suddenly increased in frequency till it could no 
longer be counted. At the same time the patient complained of a rioleiit 
pain, or cramp in the vicinity of the licirt. Almost immediately after this 
the pulse and respiration both suddenly ceased. The head of the patient 
was spasmodically drawn backward ; the countenance looked pale and 
deathly ; the pupils were widely dilated. Artificial respimtiou and aqua 
ammoniic revived the patient, and the operation was completed under the 
influence of sulphuric ether without any further accident. — E. Andrewa : 
Chicago Med. Exavti7ier, December, 1867. 



BROMOFORM— CHBr,. 

Tribromontethanp, Bronw/ormum, L; Jiromoforme, Tr. 

Specific gravity, 2.9. 
Boiling-point. 150" {SOS.G" F.). 
Vapor density, 8.632. 



It ■ 



This substance is a clear, heavy hquid, having an agreeable odor, 
may be obtained by the action of an alltali upon bromal (CBrj.COH), or by 
heating bromomethane (CU,Br) with tlie requisite quantity of bromine at 
250° (482° F.) ; and on distilling alcohol with bromide of lime (MiUer). 
At its boiling-point it is partially decomposed. 

The auEesthetic properties of bromoform closely resemble those of 
chloroform. Inhalation of its vapor causes excitement, followed by deep 
sleep, muscular relaxation, and dilatation of the pupils. Becovery from 
its anaesthetic e&ect, according to Babuteau, takes place rapidly, even 
though inhalation may have been prolonged for half an hour. 



MBTHYUC IODIDE— CH.L 



. ; lodure demethyle. 



Todumclhane, MfilhyU indidum, L: ladiifn of methyl, 1 
Fr.; Jodmelhyl, Q. 

Specific gravity, 2.199 at 0" (32"' F.). 
Boiling-point, 43.8° (111° F.). 
Vapor density, 4.8!)3. 

Methvlic iodide is a colorless liqmd, with an ethereal odor. It boms 
with difliculty in a flame, giving off violet-colored vapors of iodine. Itw 
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diBCOTered hj Dmnos nnd Peligot, in 1835, and may be prepared, accord- 
ing to Wonklyn's process, hy misiiig eqiiivaleat proportioDS of potaBRium 
iodide find anhydrouB methylic alcohol in a retort. Dry hydrocliloric acid 
gns is passed into the mixture, and the iodide of methyl is separated by dts- 

tillatiou. The distillate is mixed with wat«r, to separate the iodide of 
methyl, and the product is rectified in the water-bath over calcium chloride 
and lead oxide (Watts). 

Methylic iodide is another of the loethjUe compovuids -with which 
Richardson and Simpson have expeiimented. They ascertained that in a 
state of chemical purity its vapor could be respired, even to the induction 
of anicsthesia. It was very liable, however, to decomposition, witli great 
irritation of the various glandular organs connected with the oeulo-respira- 
tory passages, through the liberation of iodine. Upon animals it produced 
fatal engorgement of the bronchial membranes. Sir James Y. Simpson 
found it a powerful and dangerous ana'stbetic. He recorded his experience 
as follows : " After inbEding a very small quantitTy for two or three minutes, 
I remained for some seconds without feeling much eSect ; but objects im- 
mediately began to multiply before my eyes, and I fell down in a stat« of 
insensibility, which continued for upward of an hour. I did not completely 
recover from the effects of it for some days." 



IODOFORM— cm,. 

TriiodomeOiane, lodu/imnum, L. ; fodofm-me. Ft. ; Jnilnffrm, ft. 
Melting-point, 120° (248° F.). 

Iodoform is a solid body, occurring in the form of lemon-yellow, pearly, 
six-sided, scale-like crystals, with a peculiar odor and a sweetish taste. It 
ia a product of the action of iodine in presence of potassic or sodic hydrate 
or carbonate on etbylic alcohol, aldehyde, acetone, and many other sub- 
stances. It is nst perceptibly soluble in water, but dissolves readily in 
alcohol and ether (Miller). Its peculiai- odor may be disgidsed in mixtures 
and ointments by the addition of five drops of oil of pepjiermint to each 
ounce of the mass. 

The physiological action of iodoform closely resembles the action of 
other kindred aniestheticB. In the lower animals it prodm^es muscular 
rigidity, aniesthesia, sleep, muscular relaxation, and, in sufficient doses, 
death. Two grammes (half a drachm) are sut&cient to kill a |^inea-pig ; 
anil four grammes (one drachm) have proved fatal to an onlinaiy dog. 
According to Biuz, the reflex excitability of animals thus poisoned does 
not wholly disappear during anesthetic sleep unless a fatal result ia immi- 
nent The temperature exhibits a marked dechne as death approaches. 
After death from iodoform, the heart, liver, kidneys, and muscles exhibit 
fatty degeneration. Placed in contact with the living tissues, it is decom- 
posed, giving up iodine, which combines with albumen and is absorbed 
as on albuminat«. The iodine thus conveyed into the body is finally ex- 
creted, chiefly in the form of alkaline iodides, through the medium of 
the kidneys. In small doses, therefore, it operates as an alterative medi- 
cine. Administered to man in doses of half a gramme (seven or eight 
grains) it may produce a diminution of eight or ten pulse-beats per minute. 
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AETIFICLA.L AII£STU£StA AND _N/E3THETI0S, 

It producee no caustic effect, but operates ob an anodjiie aud BUfeethetjo J 
when applied to painful and Tili'erst*d surfacea. Introduced into tlie rectum, I 
it may thus render tlie anus quite insensible to tbe proceBB of defecatioiL 




ETHyUC CHLORIDE— C,H.a 

£iker cklorhydriqii';Fr.; Aet/t>jlckl'irrir,G.; Hydrochloric ether,'K 

Specific gravity, 0.020 at 0° (32° R). 
Boiliug-poiat, 11° {51.8^ P.). 
Vapor density, 2.219. 

Ethylic cliloiide is a thin, colorless liquid, having a pungent, ethereal 
odor, and a sweetiab aromatic taste, with somewhat alliaceous after-taste. 
It is very inflammable, and bums with a green-edged flame, evolving hydro- 
chloric acid. It dissolves sparingly in water, but mixes in all proportions 
with alcohol and ether. It dissolves sul^ihur, phosphorus, &.ts, volatile oih^ 
many resins and coloring matters. The easiest method of preparing this 
aubstoQce consists in the passage of hydrochloric acid gas into a boiling 
solution of zinc chloride in one and one-half time its weight of 95 per ceui 
alcohol, contained in a flask connected with on invei'ted condenser and a 
wosL-bottle containing water. Nearly tlie whole of the alcohol is thus 
converted into ethyl chloride (Watts). i 

The BxceBsive volatility and iiiflivmm ability of etliylic cldoride virtual^ I 
excludes this substance from practice. Its general effects clearly resent- 
ble those of sulphuric ether. Heyfelder employed it witli success in a num- 
ber of surgical operations (Kappeler). Its antesthetic effects are very 
transient, and are not liable to be followed by nausea or vomiting. The 
espeidence of the Committee of the British Medical Association, however, 
is not favorable to its use, for they found that when administered to rab- 
bits, though it produced rapid anuasthesia, yet in one case respiration 
ceased, and in another instance the more abundant admission of air was 
followed by general couvidsions. 



ANiGSTHETIC ETHER, OR ARAITS ETHER. 

Aran's ether is a mixture of different compounds of chlorine and othy- 
lic chloride, of which the principal element is tetrochlorinated ethyl chlo- 
ride, G,HC1,. It is a clear, colorless hquid, with an odor resembling that 
of chloroform. Its specific gravity varies with its compositions, &om 1.55 
to 1.60. Its boiling-point is about 130° (266° F.); and the vapor density 
of its principal ingredient is 6.975. Mialhe was the first one to propose 
the use of this preparation, and it has been employed by Aran, Schott. and 
Heyfelder ; bu^ on account of Its variable composition and the readiness 
vrith which it is decomposed, its use for the production of surgical anies- 
thesia has been completely abandoned. 






A 



ETHIDBNE DJOHLOBIDX. 



ETHYLENIC CHLOHIDE— C,H.C1,. 

a-Dichlarelhane, Ethylene bichloride. Ethylene dtckloride, Dulch liquid, 
Etheite chloiide, K ; ^Ihylenam bichloriduvi, ^tkylenum chloratitm, 
li.; Liqueur hoUandais, Huile dii 'jas ole/iant, Fr,; Aethylenchloi'ide, 
Elaylchloriir, Oel der hoUclndinchen Chetniker, G. 

Specific gravity, 1.256 at 12° (53.6° F.). 

Boiling-point, H2.5° (180.5" F.J, imder a pressure of 766 mm. 

Vapor density, 8.4434. 

Ethylene bichloride is a colorleas, neutral, oily liquid, having a fni- 
gnot, ethercEil odor, and a sweetiah, aromatic taat*. It is imflammable, 
and bums with a greeu, very smoky flame, giving off vapors of hydrochlo- 
ric acid. It is nearly insoluble iu water, to which, however, it imparts its 
odor, but is soluble in tdcohol and ether. This compound was discovered 
in 1795 by the Dutch chemists. It is formed by conducting ethylene g^ 
which has been produced by beating a mixture of alcohol and sulphuric 
add, through a waah-bottle containing potash to free it from sulphurous 
acid ; through a second containing alcohol, which removes vapor of ether ; 
and sometimes through a thii'd, cootaining water to fi-ee it from alcohol 
vapor. It then passes into a large glass globe having a long neck, which 
descends into a bottle closed with a cork. After the stream of gaa has 
been continued long enough to expel the air, moist chlorine from another 
dosk is also admitted into the globe. The two gases then unite, forming 
an oily Uquid, which runs down into the receiver (Watts). 

This substance was fully tested in 1848 and 1849, by Simpson, Snow, 
and Nunnely, by whom its ansBsthetic properties were determined. Its 
vapor ia. however, irrit«tiug to the air-passages, and sometimes causes vom- 
iting. Administered to rabbits by the Committee of the British Medical 
Association, it produced convulsive movements of the extremities, continu- 
ing till deatii. There was no amesthesia preceding the convulsions. This 
substance certainly possesses no advantage over chloroform. 

BTHIDENE DICHLORIDE— C,H,C1,=CH,.CHC1,. 

fi-Dichlorethane, Ethijlidvnic chloride, ElhijHde.ne chloride, E. ; Mhylide- 

num chloratum, L. ; Aetkylidenchlortd, G. 

Specific gravity, 1.189 at 4.3°. 
Boiling-point, 60' (140° P.). 
Vapor density, 4.054. 

Ethidene dichloride is obtained from the by-products of the manufac- 
ture of chloraL At Schering's factorj-, in Berbn, these by-products are col- 
lected by causing the vapors which issue from the alcohol retort, together 
with hydrochloric acid and excess of chlorine, to pass first through water, 
then through a series of condensers. After a preliminary distillation to 
separate the ethyl chloride present, the residue is submitted to fractional 
distillation, and the separate fractions are examined, either by fui'ther frac- 
tionation, or by first treating them with alcuhoUc potash, and again sepa- 
lating them by distillation. EthyUdene chloride is a trauapareut, colorless. 
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oily liquid, i-eaeuibling i^lilomform in liist« and odor. It is isomeric with 
ethyleiiic chloride I)ut differs froui it iu gpecific gravity and in boiling- 
point (Watts). It is insoluble in wat«r, but mixes in all proportions wim 
etiier, alcohol, chloroform. Bad tlie oilB. It ie less inflammable than alcohoL 

Ethylidene chloride was lirst introduced to tlie medical professioii in 
1862 by Dr. Snow. Professor O. Liebreich, von I^mgenbeck, SteSen, and 
others, have also employed tbin agent, and have been pleased with its 
eflects. It is very rapid iu its action, producing ana-'sthesiu in one minute 
^seldom requiring to be inhaled as long as three minutea The time of 
emergence is also proportionately brief, and it is seldom that disa^rreeable 
after-effects ai-e experienced. Mr. Clover (Bril. J/crf. Jour., p. 797, May 
29, 1880), states that he has adminiBtered its vapor in 1,877 cases; of 
these, 287 were major operations, and the remaining 1,565 cases were of 
minor surgery and the extraction of teeth. Vomiting occurred in about 
one-third of the cases of major surgery, but in only about one-twentieth of 
the minor cases. The vomiting was always lees persistent than after chlo- 
roform. In oue case, a child nine years old was kept asleep for an hour 
and a half during a difficult operation on the moutL In another case, 
ansestbesia was maintained for the same length of time during an operation 
for the removal of a malignant tumor of the palate and indurated glands in 
the neck. " The patient awoke in capital spirits, and made arapidrecoveiy." 

Mr. Clover has been in the habit of tirst i-endering his patients almost 
unconscious with nitrous oxide, and then gradually substituting the ethyli- 
dene for the production of complete insensibility. According to his expe- 
rience, " the patient ftdls asleep without moving a limb ; a little convulsive 
twifcliing is seen, and then stertorous breathing ; the pupils at first dilate, 
about the same time that stertor commences ; a very htUe air is now given 
at every third or fourth respiration, and the pupil conti-acts." The pulse 
is usually much less affected tlian when the same degree of anfesthesia ifl 
produced by chlorofoim. The patient awakens almost as if from a natural 
sleep, and within two minutes after the most profound amesthesia will get 
up and walk about. 

The Committee of the British Medical Association experimented with 
ethyUdene chloride upon frogs, rabbits, and dogs (Uril. Med. Jourtt., 
January i, 1870.) A frog was rendered insensible by confinement four or 
five minutes in a glass jar filled with the vapor. The heart was then ex- 

Eosed, so that its pulsations were visible. They continued slowly but regu- 
ily, in one case for twenty minutes, in another for twenty-sis minutes. 
Babbits were auassthetized in four minutes by inhaling the vapor hoia a 
doth. In one case respiration ceased, but soon began again. When tie 
thorax was laid open, and artificial respiration was employed, the cardiac 
movements continued with vigor for the space of forty minutes. Dogs 
were anrcsthetized in the same way within two or three minutes. One 
young puppy seemed to experience sufficient excitement to necessitate 
" squeiiing." A large dog was kept under the influence of the vapor, 
given very hberally, for htdf an hour witliout the slightest manifestation 
of failing energy either of the heart or of respii'ation. The animal re- 
covered rapidly without any unfavorable conditions. In two instances 
the thorax was laid open, and artificial respiration was maintained. The 
heart exhibited no depression of vigor. When chloroform was substituted, 
" the right side of the heart began almost immediately to become distended 
and to be dark in color, and the activity of the heart ropidly failed. The 
contrast between the effects of the two substances on the heart was most 
striking. Pi-acticallj, a dog will live for a lengtheued period in a state 
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of complete anit'stlieaia under Uie influence of ethi<lE:ne dichloride, wliilst 
it will die in a sbort time when clitoroform ie used." The effect of etlii- 
dene upon the reHpii'ation and circulation of animals was coi'efuU}' noted 
by the same committee, and compared with the effects produced by chloro- 
form. They foiuid that, while chloroform reduced tlie blood-pressure 
rapidly and by «ndden descente, occuning sometimes even after the eessft- 
tiou of inhalation, ethidene reduces the blood-pressure slowly and by 
regfular gradations. Usually, after such a reduction of pressure, the con- 
tinued inhalittion of the vapor was accompanied by a pai-tial recovery of 
pressure, as if the heart had commenced to occoumiodate Itself to the 
auffisthetic. In no case of experiment upon animals did the heart's action 
or the respiratory movemente absolutely cease, though they were Bometimes 
very much reduced. It was evident that, while ethidene does depress the 
action of the heart, it is much less te be feared in this respect than chloro- 
form. Oiven to human subjects, it produced anaesthesia as rapidly as 
chloroform, and with less excitement and disagreeable sensation. It, how- 
ever, produced vomiting, jirobably about as often as would have happened 
with chloroform. Altogether, this substunce appears to possess decided 
advantages over chloroform. Its use is not without danger, however, for 
Mr. Clover himself has on three occasions been compelled to lower the 
patient's head and to practise artificial respiration, in order to obviate the 
manifest tendency to death while under the influence of ethidene. Finally^ 
(me of liis patients (Bril. Med. Jourii., May 29, 1B80) did actually expire 
while under the influence of this ancesthetic during the period of inhala- 
tion before operation. The cause of death was cardiac syncope — respiration 
continuing for several seconds after the cessation of the pulse. In spite of 
inversion and artificial respiration through a conula inserted in the trachea, 
the patient could not be resuscitated. After death it was discovered that 
the muscular tissue of the heart was in a state of fatty degeneration. 
Another case of death with diseased heart while under the influence of this 
onssthetic has been reported from Berlin, so tliat ethidene dichlonde cannot 
take high rank as a si^e an^'Sthetic. 



DEATH PHOM INHALATION OF ETHIDENE DICHLORIDE. 

1. Male, adult About to have on operation i^erformej for haauorrhoids. 
Antemic from loss of blood, wliich hod been going on for six months. Was 
a liquor dealer, and recently had a carbuncle. The heart-MOunds were 
normal. Had eaten nothing since the previous evening. Nitrous oxide 
had been inhaled for tooth-extraction on a former ocoasion, but it caused 
struggling, and did not wholly abolish pain. 

Being placed on his right side, with the knees drawn up, ethidene di- 
cbloride was administered with the gas- and ether- inhaler. Ue did not re- 
spire regularly at first ; but he never coughed, and was not observed to 
swallow. After twelve or fourteen respirations, he talked, and commenced 
to struggle. The face-piece was then removed for a little distance from 
the face to allow inhalation of fresh air. When his struggles ceased there 
was hardly any pulse, and it soon disappeared ; buthe continued to breathe 
ten or twelve times in a satisfactory manner, and then a pause was noticed 
between the respirations. His head was lowered, the feet were raised, the 
tongue was drawn forward, and artificial respiration was commenced. In 
about a minute he tried to speak, but not distinctly ; the pulse returned 
to the wrist, and he was ^ain placed in the position for operation. In 
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doing this lie raised Ian head, as if Tolimtarily, ami tbe pulae again began' 
to fftiL Artificial reapiration was renewed, and,dmiDg tbe first three miD- 
uteH there were eeveKil gasping inspirationa, but the pidue was never felt 
again. LoTTngotomy was then performed, and air was blown through 
the larj'ngeal tube during artificial inepirationB for three-qikart«rs of aa 
hour, without any good result. Autopsy. — Lungs slightly emphysematous 
and congested posteriorly, but crepitant. Spleen fi-iable, liver rather large. 
Heart hu'ge and flabby, p^e and overlaid at the apex with fat MicroBcopi- 
cal examination of the muscular substance of the veatricles exhibited ex- 
tensive fatty degeueratiua. — J. T. Clover : Bril. Med. Joum., p. 797, May 
29, 1880. 

2. Male, forty-tive years, suffering from purulent efiiision in the right 
pleural cavity. Incision and drainage of the chest was proposed, and 
etliidene was selected as the safest nniesthetic. During the adminiatr&- 
tion the patient frequently struggled ; but nothing alarming occurred 
untU he was insensible, when it became necessary ta turn him on the 
left side to make the incision. He had not been in that position more 
than two seconds when the pulse and respiration began to fail and the 
pupils dilated widely. He was at once replaced upon bis back, artificial 
respiration was commenced, the precordial region was slapped with the 
hand, and, finally, tbe heart was excited by electro-puncture. The only 
result was one long inspiration. Aulops}/, two days after death. — The 
chest contained seveutj^-two oimces of pus. The right lung was adherent 
to the ribs in front ; the pleura was thickened and covered witli lymph ; 
the lungs were engorged with blood ; an abscess occupied a portion of the 
lung, and was siu-rounded by a zone of pneumonia. The right side of the 
heart was filled with dark fluid blood ; the left ventricle was empty ; micro- 
scopical examination of the heart showed no fatty degeneration. There was 
a small periosteal abscess upon the frontal bone. — Mouillot, Gen. Hospital, 
Birmingham, Feb. 24, 1881 ; Bj-U. Med. Joum., p. 385, March 12, 1881. 



MONOCHLORETHYLENCHLORIDE— CH,CLCHCa^ 

a- Trichlorethaue. 

Specific gravity, 1.422 at 17° 0. 

Boihng-point, 115'^' (239° F.). 

This substance, discovered in 1838 by Itoguault, is one of two 
compounds formed by the action of chlorine on dichlorethane. It is a col- 
orless, mobile liquid, with an agreeable odor like that of chloroform. It 
may be formed by the action of chlorine upon dichlorethane (ethylene 
diehloride), CH,C1.CH,C1+C1,=CH,C1.CHCI,-|-Ha, or by the action of 
chlorvinyl (C,^H,C1) on the perchloride of antimony. By the action of 
alcohobc potash it is readily decomposed into potaesic chloride and ^-di- 
chlorethylene : 

CH,CLCHC1,+KH0^CH,.CCL, + Ka-|-H,0. 

Dichlorethylene is a colorless liquid, boiling at 37" (98.6° F.), whidl' 
is the normal temperature of the blood. The readiness with which it ia 
formed by the action of potash upon trichlorethane has suggested thehj-po- 
theaia that the aua>sthetio effects of this last are really owing to the libera- 
tion of dichlorethylene in the blood. This hypothesis has been advanced 
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by Dr. Edward Tauber, PriTat-Docent in tlie University of Jena, who has 
recently experimented with the isomeric trichlorethauea for the purpose 
of detertniuing their anesthetic value. Hia observations were made upon 
froi^'H, pigeons, guinea-pigs, rabbits, and dogs, A few di'opa were sufficient 
to produce complete aun.-stLiesia m the smaller animals. For doga weighing 
four and one-half to six and one-third kilogrammea (10-14 lbs.), dosea 
of three to five grammes (30-50 drops) were needfuL Inhalation of the 
ivi^ior of these quantities produced complete insensibility in the space of 
f I'um three to seven minutes. The duration of anteathesia was from eleven 
to nineteen minutes. Respiration was very slightly affected, and in the 
timallBr animals the frequency of the pulse was scarcely reduced. Observa- 
tion of dogs showed in one instance a considerable increase in the rate of 
the pulse ; m three others a sliglit increase. Diminution of its rate did 
not occur. The blood-presaure, also, exhibited no diminution when tested 
by the kymographion upon a liu-ge dog weighing not leas than twenty-two 
kilogrammes (fifty pounds). 

METHYIjCHLOROFORM— CH,.CC!,. 

fi-Trichtorethane — Mono-cktor-elhylideiuMtiride. ^^M 

Specific gravity, 1.372 at 0" C. ^^ 

Boiling-point, 75° (167^ F.). 

Discovered in 1838-40 by Regnault, methylchloroform is the second 
product of the action of chlorine upon monochlorethane ; 

CH,.CH.C1 -1- C1=CH,.CHCL. 
CH,.CHC1, -F Cl= CH,.CC1,. 

It is a colorless liquid, closely resembling chlorofonn in appearance 
&nd odor. By the action of potassic hydrate at a high temperature, it may 
with considerable difficulty be decomposed into potossic acetate and potas- 
bIc chloride : 

CH..CCI.-(-4KHO=KC,H,0,-(-3Ka+2H,0. 

Since these substances possess no anirsthetic properties, the effects pro- 
duced by inlialatiou of the vajwr of methylchloroform cannot be due to 
any action of its components. It operates as its own prime factor in the 
jnoduction of aui^sthesia. 

In common with its isomer, mono-chlor-ethylenchloridc. or a — tri- 
chlorethone, this substance bos recently been made the subject of experi- 
ment by Dr. Tauber, of the University of Jena. Administered in tlie form 
of vapor to frogs and rabbits, it produced satisfactory anaesthesia, without 
any marked effect upon respiration or circulation. The administration of 
the vapor of four or five grammes (40-50 drops) to a dog weighing about 
fire kilogrammes (10-12 lbs.) produced a condition of insensibihty, which 
endured for nineteen iniuutea. Respiration during the period of most 
profound antesthesia was somewhat accelerated, but the pulse was very 
slightly affected. Upon himself Tauber experimented by inhaling the vapor 
of about twenty grammes (200 drops), under the supervision of Dr. von 
lAngenbeck. There was no stage of excitement preceding oua'sthesia ; 
14 
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respintion remained undisturbed ; tlte pulse did not exceed eigb^-fonvj 
beats per minute ; it wii9 regular, and exhibited no evidence of diininishing 
blood-preasure. Complete anreHthesia was reached in five and a half min- 
utes, and it continued for ten ininuteB longer. The prick of a pin was not 
felt, and evulsion of tbe hairs of the beard excited no reflex movement. 
Vomiting occutred soon after tlie recovery of consciousnesB, breakfast hav- 
ing been eaten about two hours before the experiment. A feeling of gen- 
eral discomfort persisted for about an hour. It then disappeared, leaving 
no unpleasiint effects behind. .m 



ETHYLIC BROMIDE— C.,H,Br. ■ 

.£ther hydrobr&micus, L. ; Hydrobrovt-ic ether, Bromide ofeihyl, JSthyt bro- 
viule, K; £ther hijdrobromique, Brtrmure d'elhyle, Fr.; £romiauaer~ 
utoffdlher, Aelhijlbrumiir, G. 



Specific gravity, 1.4733 at 0° (32° F.). 
Boiliug-point, 40.7" (105.26° F.) at 767 n 
Vapor density, 3.764. 



L 



Ethylic bromide is a transparent, colorless, neutral liquid, with a strongs 
ethereal odor, and a disagreeably sweetish taste with a somewhat buiTiii^ 
after-taste. It is sparingly soluble in water, but mixes in all proportioDS 
with alcohol and ether. It bums with difficulty, giving a beautiful green 
flame, wbiL-h does not smoke, but which evolves a strong otlor of hydro- 
bromic acid. 

Ethylic bromide may be produced by the action of bromine, bydro- 
bromic acid, or bromide of ihosphorus, on alcohol. According to De 
Vrij, it is easily prepared by distilling four parts of pulverized bromide of 
pol^sium with five parts of a mixture of two parts of strong sulphuric 
acid and one part of alcohol of 96 per cent. (Watts). 

EthyUc bi-omide was discovered in the year 1827, by the chemist Semi' 
las. Nunnely experimentetl with It in the year 1849. He succeeded in 
producing unteBthesia by admiBisteriug its vapor in a considerable number 
of instances, but was obliged to discontinue his expei-iments on account of 
the expense attending the use of Abe ether. In the year 1876, Babutean, 
of Paris, employed it in certain experiments on plants and animals. In 
1878, Dr. Lawrence Tumbull, of Philadelphia, who had called attention to 
the utility of ethylic bromide in certain cases of tinnitus aurium, and in 
painful affections of the ear, administered it with suc^jeas to a number of pa- 
tients suffering with minor surgical affections. Stimulated byliis example 
and counsel, Dr. R J. Levis, of the same city, commenced its use in the 
surgical wards of the Pennsylvania Hospital, in April, 1879. Since then, 
it hiiB been extensively tried in America and in Europe. 

Tbe physiological action of eth3'hc bromide has been obser^d by numer- 
ous experiments. Rabuteau {Lc Progrrn Medical, June 12, 1880) found 
that this substance lias no effect upon uon -germinating seeds ; but plants 
which have been phiced in on atmosphere saturated with il« vapor die in 
two hours. Their leaves turn black, and the flowers preserve their colon. 
A similar plant, exposed under identical conditions to tbe vapor of aol- 
phuric ether, is not harmed. From this fact, as well as from others of & 
^unilar character, Rabuteau draws the inference that the dangerous prop> 
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ertiea of nn amfstlietic substance have a certain definite relation to ita 
molecular weight. 

Frogs, placed in a watery Bolation of ethylic bromide, become as com- 
pletely anaesthetized as if they were immersed in an aqueous solution of 
chlorotorm. Rabbitadonot easily tolerate ethylic bi-omide. Eerger 8tot«<l 
to the Paris yociiJtu de Chirurgie (Le I'mjris Malkai) Uiat he bad been 
impressed by the rapidity with which these piiini ul a succumbed to its vapor. 
According to )iis experience, " it was more disagreeable to dogs tlian chlo- 
roform." He had found it difficult to obtain muscular relaxation by its 
use. The experience of Terrillon was more favorable. When administered 
to rabbits from a cloth, instead of placing them in a receiver filled with the 
vapor, tliey seemed to tolerate its influence. He had given it to eighteen 
dogs without accident to any one of them. In twelve cases there hatl been 
muscular relaxation, and in only five or six was there any period of agita- 
tion. In order to produce ami-sthesia it was advisable to adminiBtei* the 
ether very freely at the outset, on account of its volatility. By this method 
of proceeding, ajitcsthesia may be produced iu less than a minute, without 
irritation or suffocntiou or convulsive phenomena. Muscular relaxation 
occurred, in his experience, when given to human beings, iu two or three 
minutes. There was great congestion of the fiice, neck, and upper part of 
tlie cheat. The pupils did not contract, but were diLited. The pulse was 
always quickened, aud every fresh dose of ether caused fresli acceleration. 
Kespiratiuu was also hastened, and was hable to be hindered by the accn- 
mufution of mucus in the fauces. So great was the hypersecretion of the 
buccal and phaiyugeal ghinds that it was sometimes necessary to wipe out 
tlft fauces with a probang during the process of inhalation. Sensibility imd 
consciousness returned with great rapithty, as might be expected iu conse- 
quence of the great volatility of the liquid. Vomiting was not uncommon 
— sometimes during the period of insensibiUty, and sometimes continuing 
for several houra after awaking. 

M. Verneuil, at the same meeting of the society, called attention to the 
great rapidity with which auii'sthesia might sometimes be proiluc«d by 
etbylio bromide. One patient, a woman, to whom he had given it, was 
"B^eep in an instant." 

M. Nicaise had frequently employed ethylic bromide when making appli- 
cation of tlie actual cautery. Its comparatively slight inflommabiUty, and 
the fact that it was not easily decomposed by the beat of the cautci-j' instru- 
ments, rendered it valuable in such o]jeratious. 

Dr. H. C. Wood, of Philadelphia, found by experiment upon animals 
tliat, if given with moderation, auicstliesia might be produced without nota- 
ble reduction of the blood-pt'essure ; but, if given freely, it proved itself a, 
very powerful agent for the depression of the force of the circulation. Drs. 
Wolff and Lee, of Philadelphia, observed that, if rabbits were killed with 
ethylic bromide, the immediate cause of death was a gradual paralysis of 
the cardiac inhibitory motor centres, producing rapid caixliac movements, 
finally ceasing altogether. Dr. Isaac Ott, hon-ever, auuouncea the following 
conclusiun%from his careful cxj>eriments : 

1. " Bromide of ethyl, by eithei- inhalation or subcutaneous use, kills 
\>3 ft toxio action on the centre of respiration. 

3. " That the decrease of force and frequency of the heart contribute to 
thfl paralysis of the respiratory ceutres. 

3. " That injection of ethyl into the jugular toward the heart kills by 
cardiac arrest, probably due to an action im the cardiac muscle, 

i. "Bromide of ethyl in tiiisic duaea depresisos momciit.irily the fre- 
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5. " Bromide of ethyl iu toxic doaea depresses the actual tension stead-'| 
ily, due in major part to tlie depressaut action of the diiig upon the heart, 
and in minor part to a jmrtial Iobb of tone of either the spinal vaso-mota 
centres, or the periplieriil vaao-motor system. 

6, " The inhibitory power of the pneumogaBtric is not paralyzed." 
In more moderate doses, Dr. Ott concludes that ethylic bi-omide in- J 

creases the pulse by direct stimulation of the heart, and that it increases J 
blood-pressure by darect stimulation of the vaao-motor uei-vous appor 
^liile its tendency to depress respiratory movements is due to its ( 
upon the nervous centres. In all these particulars the action of this a 
stance, though diflering somewhat in degree, is precisely similar in k' 
the action of all other ethereal amesthetica 

Jly own experiments have been limited to the observation of the effefl 
of the drag upon the cardiac movements. The following sphygmoj 
tracings, taken in the Physiological Laboratory of Bush Medical ( 
will illustrate the manner iu which the heail and the pulse behave tindefl 
the influence of ethyhc bromide. The first tracing was taken from >fl 
healthy, full-grown male rat of mediiun size. The animal was coufiued'T 
in II gutter, u^kju his back, and the sphygmogi-aph was jjlaced ill contact 
with the wall of the cheat immediately over the heart. 



Exi'EKiMENT I.^No. ^1. Immediately before inhalation. Ten minima ci, 
ethyl bromide were then administered from a cloth, and tracing No. 



1 



No. 3 — After ten minims more. The animal was still strugghng, so the 
amount of ethyl was increased- After the vapor of twenty minima liad 
been consumed, the following result was g' 
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No. 5.— Eflect of the an:eatUetic is passing off. Tliis tracing iiatiug 
wen token, the animiU seemed to have ogalu become seuaitive to pain. 
Den minimB were titerefore administered, with the following result: 

No. C— It was decided to kill the animal ; ten minima more were ad- 
ministered as rapidly as possible. The foDowinf^ tracing was then taken : 

No. 7.— Five secondB before death. Reepiration and the movement of 
the heart seemed to stop at the same time. Besult of autopsy negative. 

EwEBiMENT n.— Another rat, almost exactly similar to the subject of 
the preceding experiment, was treated in the same manner. 

No. I. ^Before ether. Normal caniiac and respiratory movements. 

No. 2.^Atter inhaling vapor of twenty minims. Complete anscsthesia. 
AJmost complete cessation of respiration and circulation. The Inhaler was 
removed, and air re-entered the lungs with an immediate revival of the cir- 
ralntion. 

No. 3. — Inhalation disconflnued Animal reviving. Ten minima ol 


■ 
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1 

1 
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Jio. -i. — Ana.'MtLesij 



No. 5,^Ctmtiiiueil auiVHtlicsia, Twuuty muiima were now aduiinia- 
tered. 



No, 6.^ — Profound anjesthesia. 



No. 7. — Aiiaattlieaia passing uiT. 



No. 8. — Aniniiil shows sigim of coiiJ^eiousness and cseitement. 



I 
I 



No. 9, — No an-Tsdiesift. Atiinjitl quiet. 



No. lO.^Effpct nearly cone. Animal excited. Thirty mmima were 
now ndminiatei-o^l, aud tlio following tracing wa« taken. 
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No. 11. — Heart showa signs of failure ; inhaktioa discontinued. 

No, 12. — Animal again reviving. Fifty minima were now administerec 
an rapidly as possible. 

N... i;}.— Profound resolution, I'Lfspiriitioii almost imperceptibla 

No. 11.— Twenty seconds before death, 

ExpiotntEitT in. — A medium-sized dog wasi rendered insensible by in 
haling the vapor of sulphuric ether. The common carotid artery was then 
exposed in the neck, and the ephygmograph was adjusted to the vessel 
The following tracing exhibits the effect of ether upon the carotid pulse 
during complete antcstheuia. 

No. 1.— Anii'sthesia from sulphuric ether. The etlect of thw anwHtlic-lii- 
was allowed to pass off, and the animal was then placed fully under the 
influence of ethjlic bromide. 

, No. 2.— AnaMtheaia from hydrohromic ether. 


1 

1 

1 
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No. 3.— Coctiuueil imrestheaia from Indrobromic ether. Clilorotorm was 
now Bubstituteil tor the ether, when the pulse-curve imineiUately esperi- 
enced the (oUowinp change : 



No. 4. — Anii'stheBifi frciiii inliftlation of chloroform. 
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No. 5. ^Continued anivsthesia. 

The evidences of syncope were now so apparent that it became m 
to suspend the administration at onc« in order to save the life of the ani- 
mal. The experimentwas therefore discontinued. The contrasts presented 
by these tracings need no comment, so well do they illustrate the different 
grades of cardiac depression which may be produced by different ansEsthetica. 

The nest experiment was performed upon the human subjecL Through 
the kindneBB of Dr. C. Fenger, one of the surgeons to the Cook County 
Hospital, the administration of hydrobromic ether was imdertaken upon 
an adult male, Swede, who was to be subjected to the operation of opening 
the knee joint, July 18, 1880. Half an hour previous to the operation bu 
pulse-rate was eighty-four per minute, and his radial artery yielded the 
aubjobed Hi^hygmogram. 



I 




No. 1. — ^Half an hour before operation. This tracin;; 
blood pressure and an enfeebled condition of the vascular 



idicates low 
I apparatus. 



No, a.— One minute after the commencement of inhnlntion. Pub©, !• 
per minute, tending to anacrotism, but on the whole giving evidence 
stimulation. 
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Ko. 3. — Two minutes Inter. Pulse, 200. CousciousneBa only partially 
overwhelmed. 

No. 4. — Pulse, 200 ; respiration, 48 : pupils dilated ; general muaculnr 
rigidity ; body strongly arched forward. The pntient seemed to be un- 
conacioQs, but not insensible, in spite of free admiuistration of the hydro- 
bromic ether. After Imviiig inhaJed the vapor of one hundred and fifty 
cubic centimetres (nearly five ounces) of the ether, during a period of thir- 
teen minutes and a half, the patient, though uncouscioua, was in such a 
condition of muscular spasm that nothing better than the following sphyg- 
mognuQ could be obtained i 

No. 5.- — Thirteen minutes and a half after the commencement of in- 
halation. Sulphuric ether waa now substituted for the hydrobromic. The 
pulse immediately fell to 14S beats per minute, muscular relaxation took 
place, and the operation was commenced. 

No. C. — One minute after substitution of sulphuric etlior. 

No. 7.— Continued an^i'sthesia. Pulse, 148. 

No. 8.— StertorouB breathing. Pulse, 170. 



No. 10. — CoDBciouBiicBd returniuy. Pulse, 154. 

This peculiar experience put an end to my opportunities for esperimentl 
with ethylic bromide upon the human subject. I 

In the Bufialo General Hospital, N. Y., Dr. Charles C. F, Gay report»l 
(The Med. liecord, July 17, 1880) the use of the " new anajiUheHc." It n-'f 
quired eleven minutes to brin^ the patient under its influence, aod nine'l 
drachms were used. Its odor was very disagreeable, its effect was evanea- I 
cent. Two drachma had pre^■iously put the house physician asleep, and | 
during its administration to the patient, the doctor — who appears to b^ I 
unusually euacepUble to the effects of ameathetics — came near tailing asleep^ I 
Another patient, a very strong man, just as he wns coming under the inflo) I 
ence of the same antestbetic, became excited, violent, and unmamtgeobUL 1 
sprang from the table, and escaped to his bed. 1 

Dr. C. H. Wilkinson, surgeon in charge of St. Warys Hospital, Galveft- 
ton, Texas, reports a case ( JJii; JFed. Bvi-ord, May 15, 1880) of Chopart's 
amputation, on a male, forty-one years of age, in which ethylic bi-omide wbb 
administered. The patient had, three months previously, been chloro- 
formed without the shghtest unfavorable sjmptomB. On tliia occasion he 
received four cubic centimetres (one drachm) of the ethylic bromide iroai I 
a towel A speedy and pleasant intoxication was developed in about ont I 
minute. Four grammes additional were now poured upon the tow^ I 
This caused muscular excitement, lasting for a niinut«, and requiring soma 1 
degree of restraint. Pulse and respiration were greatly accelerated. ConM I 
plete anicathesia supervened within three minutes from the commencement f 
of inlialatioB. The operation was now begun, but it was immediately r&- 1 
marked that the pulse had stopped; his face was blanched, and "ahuoet- I 
simultaneously his breathing stopped short." Inversion, artificial reepirft- f 
tion, and nitrite of amyl revived the patient, who recovered the power of | 
speaking within a minute after the renewal of circulation. The ethylis i 
bromide was then resumed in moderation, eo as to produce Bemi-ann8theBi% j 
in which condition the patient continued during the operation, which lasted .] 
forty-five minutes, without conaciousneas of pain. Vomiting followed, and I 
persisted about five hours. 

Dr. J. C. Moore reports (Chicago Med. Joum., August, 1880) two c 
of the use of ethylic bromide. The article was obtained from Wyeth tc 
Bro., of Pliiladelphia, and was supposed to be pure. " The first patien^. I 
after twen^ minutes' inhalation, exhibited bad symptoms, and retained par^ J 
tial consciousness, so that the ethyl was abandoned for ether, whiob acted | 
promptly and efficiently." The second patient was a woman, thirty-four , 
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yean of age, to be operated ou by Dr. A. Reeves Jackson, for & uterine 
ilisorder. Great care was devoted to the ailminiatrafcioii of the anwsthetio ; 
but, at the end of thirty-five minutes of great excitement, with intense and 
persistent retching and vomiting, tbougb tbe patient bad eaten nothing 
that day, it became necessary to abandon the ethyl, and to employ oi-dinary 
other, which produced complete aussthesia mthout any delay. During the 
inhalation of ethyl there was exceesive venous engorgement, injection of tbe 
coujuQctiviB, Uvidityof the counteuance, laborious respiration, and accelera- 
tion of the pulfle to one hundred and twenty beats ]>er minute. Each act 
of vomiting was attended by complete recover}' of conseiousneBS, soevanea- 
uent were tbe efi'ects of the anieathetic, necessitating an entire repetition 
of the whole process of inhalation. A few weeks after this esperience, tbe 
same patient, having occasion to undergo n second operation, was subjected 
to the vapor of sulphuric ether, " and in thirteen minutes from the com- 
mencement, without a single alarming symptom, without escit«ment, and 
without nausea, she was completely amcsthetized." 

It may be safely assumed that a certain portion of tbe excitement re- 
marked in these cases (vas occasioned b}' a faulty method of administra- 
tion of tlie vajKir. It is neceasarj' to apply the napkin, upon which four to 
eight cubic centimetres (one or two drachms) of the Uquid have been 
jjoured, vei-y closely to the fiice, in such a manner that air shall be almost 
entirely excluded. In this particular the rules for the inhalation of ni- 
trous oxide gas are almost bterally appbcable. Thus administered, the 
patient becomes very speedily anaesthetized. Becovery takes place with 
idmost equal rapidity. If this were all that is needed to obviate the objec- 
tions to the use of etfaylic bromide, it would speedily become a very popu- 
lar aniusthetic ; but, unfortunately, there are more serious difficulties in 
the way of its general adoption. The Uquid is not a thoroughly stable 
compound, and unless great care is observed during the process of its dis- 
tillatjon, certain residual impurities may pass over and contaminate the 
ethereal product Dr. Lawrence WolfC of Plulodelplua (Am Joum, of 
Pliarmaoj, May, 1880) has shown that this residue is a brown, acrid bquid. 
having on unpleasant and pungent odor. Twenty drops of this liquid, 
given to a rabbit which had previously token two grammes (thirty grains) 
of pure ethylic bromide without tbe idightest ill effect, produced irritation 
of the gastro-intostiuol tract, followed by death in eighteen hours. That 
the specimens of ethyhc bromide which have been furnished to the medical 
profession have frequently been contaminated with these impurities is 
proved by the analyses of Dr. Carl Jungk ( Tlie JUed. Itccord, p. Hi, July 17. 
1880), who has demonstrated tbetr presence in many samples of the drug 
— notably in two cases where a fatal result followed its use. These impu- 
rities consist of carbon bromide (C,Br,) and free bromide (Watts). The 
oiHtinary process of rectification is insufficient to yield an ether pure 
enough for inhalation. It therefore becomes necessary to subject the or- 
dinary ethylic bromide to tbe following additional process : the liquid 
yielded by the usual method of rectification with water, potash, and cal- 
cium chloride, should be mixed with five per cent of ohve oil, and should 
be agitated with it from time to time for twenty-four hours. The dask 
Hhould then be jilaced upon a water-bath, and the process of distillation 
should be conducted at a heat which will not permit tbe temperature of the 
i«por in the space above the liquid to rise above 40° (104' F.). The pro- 
duct thus obtained will be pure ethyl bromide (Z<e Frogrin MedicaX, Aug. 
28, 1880). 

Tba importance of using only the purest specimens of ethylic bromide 
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is illuatrated by an unfortunate eaee, reported by J. Marion Sims, M.D., i 
Tlie Medivoi Itecord, April 3, 1S80. The patient was a single lady, twenty 
five years old, subject to epileptic fits recurring after each menstrual epoc^ I 
She wflH placed iinder the influence of ethyl for an hour and a half, during I 
the performance of Battey's operation for Uie removal of tlie ovariea. Com- ^ 
plete insenBibility was effected at the expiration of five minutea. Reapim- 
tion ivas then performed at the rate of sixty per minute. At the eiid of 
twenty minutes she vomited, and again at the end of forty minut«B. In 
all about one hundred and forty-five to one hundred and sixty grammes 
(four and a half to five ountes) of ethylic bromide were used. Conscious- 
ness returned quickly after the completion of the operation, but retching 
and vomiting, witii pain in the head, continued moat persistently. The 
urine became greatly reduced in quantity, and a violent, tenesmic diarrhcea 
set in. The breath and all the discharges were impregnated vrith the odor 
of the ancBsthetic. The patient finally became restless, frantic, and con- 
vulsed. Death occurred about twenty-one hours after the operation. 
After death the only morbid appearances noted were in the lower portion 
of the ileum and in the colon, which were darkly congested. The kidneys 
appeared healthy to the eye, but the microscope indicated the existence of 
slight cirrhosis and of acute catarrhal nephritis. All parts of the body ex- 
haled the odor of ethylio bromide, even for a considerable time after remo- 
~val &om the cadaver. 

A specimen of the antesthetic used in this case was afterward examined, 
and its impurity was demonstrated by Dr. Carl Jungt. It seems hardly 
possible to doubt that in this case death was caused by an irritant poison. 
Many of the phenomena were identical with those which are produced by 
poisonous doses of bromine. The long-continued administration of the 
aucesthetic — itself a source of great danger when the more powerful agents 
are employed — occasioned the most complete saturation of the entire Bya- 
tem with highly irritating impurities, among which bromine and carIx>D 
hromide exist ; consequently, it is not strange that alarming symptomsand 
a fatal result concluded the scene. 

Another fattd cose occurred in the practice of Dr. Levis, of Philadelphia, 
May 26, 1880. The patient was a debihtated young man who entered the 
Jefferson Hospital for the removal of a vesical calculus. After the admin- 
istration of " a stimulant" and one gramme (fifteen grains) of quinine, eight 
■cubic centimetres (two fluid drachms) of ethylic bromide were given on a 
■cloth. The patient ati'uggled, and a second dose of four grammes was 
given. Four cubic centimetres moi-e were given before the complete in- 
duction of aniestheaia. The operation had just been commenced, when 
respiration censed. Amylic nitrite, electricity, and artificial respiration, 
were employed for an hoiu-, without success. Post-mortem examination re- 
vealed a hypenemic condition of the scalp and of the meninges of the 
brain. The apex of the left lung was adherent to the thoracic walls. 
The upper lobe of the lung was partially consolidated. There were sev- 
■eral cavities, and caseous and purulent deposits. The right lung pre- 
^sented similar appearances. The right side of the heart was i£lated, and 
contained clotted blood in both cavities. There was concentric hyper- 
trophy of the left ventricle, which was contracted, and contained a very 
small blood-clot The Hver and intestines were healthy. There was con- 
centric hjpertrophy of the bladder, which contained at its neck two eit- 
«ysted calculi. The kidneys were enlarged, and exhibited pelvic inflam- 1 
mation. I 

All experience shows that the administration of aniesthetics to audkj 
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patients is attended witli danger. Even Biilphtirio ether may prove fatal if 
the kidneya are seriouBly damaged, and i>ulinonarj- diHorgauization is a weU- 
koown source of danger during the inhalation of anieBthetic vapor. The 
adnainiatration of chloroform to such a patient would have been a veir 
hazardous undertaking. The fatal result in this coae cannot be so muck 
charged agaiimt the particular nnicsthetic that was employed as against the 
exhibition of any auccsthetic agent whatever. If under euch circumstances 
a surgeon feels obliged to undei'take a capital operation, only the safest 
and best known substances should be used for the production of aniBs- 
thesia. 

That ethylic bromide may be employed with ease and succesa has been 
abundantly proved by the experience of many obserrera. M. Boumeville 
(ie Progres Medical, August 7, 1880) has recently administered it to large 
numbers of the patients in the Solpf'trii^re Hospital, for the arrest of paroz- 
ysms of hysteria and of epilepsy. He has also administered it, by daily 
inhalation for fifteen or twenty minutes, to a number of epileptic patients, 
with the fortunate result of conmderably diminishing the frequence of the 
convulsive paroxysms. In several of these cases the temperature was de- 
pressed about h^f a degree centigrade dm-ing the act of inhalation. Im- 
mediately after the withdrawal of the aniesthetio, the normal degree was 
recovered, and sometimes even surpassed. The pulse, in about five hun- 
dred administrations, was somewhat accelerated during the period of Inha- 
lation. In six instances only was a shght retardation observed. Respira- 
tion, in like manner, was almost always accelerated. A copious overfiow of 
tears was nearly always I'euiarked. The urine never contained either albu- 
men or sugar, and the quantity of the liquid was not affected. Rigidity of 
the Umbs, and tremor involving the upper extremities, were occasionally 
noted. Daily inhalations for a period of two months exercised no unb- 
Torable influence over the general process of nutrition ; five patients fouud 
their weight increased during this period. 

It is at present impossible to estimate the ratio of danger from ethylic 
bromide as compared with other anaesthetics. It must, however, be admit- 
ted that its use is not devoid of danger. At least two deaths have occur- 
red as a consequence of its exhibition, and in numerous instances alarming 
symptoms have appeared during the act of inhalation. The experiments 
of I^buteau indicate for ethylic bromide the existence of a greater degree 
of antagonism to the life of plants than is manifested by ordinary ether. 
The pulso-cunes obove given exhibit far greater cardiac depression under 
its infiusnce than is produced by ether. The pulse-curve, in fact, closely 
resembles that of chloroform. The sudden occurrence of syncope dur- 
ing inhalation is very suggestive of the manner in which chloroform 
may paralyze the heart. The great molecular weight of ethylic bromide 
also brings it into close relations with chloroform. The bromic imjiuri- 
tiea with which it is hable to be contaminated are even more dangerous 
than the impurities which may exist in chloroform. Altogether, it muat be 
admitted that ethylic bromide is to be ranked with chloroform as one of the 
most potent and most dangerous of ana-sthetic substances. 
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ETHYLIC IODIDE— C,H.L 

jEKAer kydriodicus.'L.; Iodide of ethyl — Rydriodic ether, "E.; lodured^ethyleM 
Fr,; Jodmasserstq^athtT, Jodatfiyl, G. 

Specific graritj, 1.97546 at 0° (32° P.). 
Eoiling-poinlv 70° (158° F.) at 761 mm. 
Vapor density, 5,476. 

Ethylic iodide ia a colorless liquid, having a strong, peculiar, ethereal 
odor. It waa discovered by Gay Lussac, in the year 1815. ShghUy solu- 
ble in water, it mixes readily with alcohol and ether. When esp<wed to 
hght, it turns red or brown, from separation of the iodine and ethyl The 
decomposition takes place slowly in diffused daylight, quickly in sunshine. 
It ia but slightly inilammable ; when dropped on red- hot coals, it gives off 
violet vapors without taking fire (Watts). 

Ethyhc iodide is easily prepared, according to the method of Rieth 
Beilstein, by introducing into a flask ten parts of amorphous phosphorus 
fifty parts of alcohol of ninety per cent., and one huoitred parts of iodin^ 
leaving the mixture to itself for twenty-four hours, and then diatilliup] 
(Watta). 

Ethylic iodide has been used as a remedy for chronic bronchitis, by in- 
halation of the vapor of ten or fifteen drops from a handkerchief several 
times a day. Prof. D. R. Erower, of the Woman's Medical College, Chi- 
cago, has recently [Chicago Med. Journ., July, 1880} called attention to its 
value as an agent for the rehef of asthma. It possesses anesthetic proper- 
ties, and has occasionally been used for the induction of surgical ano-'sthe- 
sia, but its unstable character disqualifies it for such a purpoHe. It cannot 
be employed in connection with the actual cautery, on account of its decom- 
poeitiou and the liberation of free iodine when its vapors are brought 
contact vrith the heated instrument- 
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BUTYLIC CHLORIDE— C,H,CL 

Tetrane monochloride. 



Specific gravity, 0.88. 
Boiling-point, about 70° (158° F.). 



in ethereal ^^ 



Butylic chloride is a liquid lighter than water, and having an ethereal ' 
odor recalling also that of chlorine. It may be obtained by distUling amylio 
alcohol with calcium hypochlorite. The oily distillate, treated with oU of 
vitriol, and afterward with potash, to remove chloroform, yields pure butyl 
chloride (Watts). 

Tlie Committee of the British Medical Association state that when this 
substance was administered to rabbits it aflfected respiration, but not very 
rapidly. When the thorax was laid open so as to expose the heart during 
the experiment. It was seen that the cardiac pulsations became weaker, 
and after a time ceased altogether. In one instance it was observed that, 
almost immediately after the induction of complete an.'esthesia, the respira- 
tion became shallow and soon stopped. 



ISOBUTYIJC CHLORIDE— C.H„C1=CH(CH,),CH,C1. 

Specific gravity, 0.8953 at 0° (32° F.). 
Boiling-point, CO" (UO" F.). 

laobutylic chloride, prepared by Baturating isobiitjl alcohol with hydro- 
gen chloride, or treating it with phosphorua peutacliloride, is a limpid 
liquid, having a pleaaant, ethereal, but sCghtiy allioceouB odor (Watta). It 
is isomeric with butylic chloride, but its ann'Bthetic properties are contud- 
erably different. The Committee of the Britiali Medical Aasociation etate 
in their report (Hrit. Mf,!!. Jour., Januai^- 4, 1S79) that "when it waa ad- 
ministered (to troga) under a gloss jar, complete onsistheaia occuitchI in 
about five minutes. The heart was then exposed, and it was observed for 
thirty-five minutes, during which period its contractions were perfectly vig- 
orous. When it waa administered with a cloth (to rabbita), ansesthesia was 
produced in three to live minutes. It was continued after itDtestheaia for 
nearly half an hour without any interference with respiration. It was ad- 
miubtered on cloth (to dogs) ; antesthesia waa protluced in four minutes. 
It wae continued for half an hour, and respiration waa unaffected, except 
slight occasional stertor." 



AMniENE~C,H.„. 



Specific gravity. 0.C549 at 10° (50° F.), (Maisch). 
Boiling-point, 39—42° (102.2"— 107. G" F.), (Watts). 
Vapor denaity (calculated), 2.4265. 

Amylene is a transparent, colorless, verj thin liquid, with an offensive, 
cabbage-like odor. It bums with a luminous fiame, is almost insoluble in 
water, but mixes in nil proportions \v'ith alcohol or ether. 

Amylene was discovered in the year 1644, by Balard. It may be pre- 
pared by lieating to 130'^ (2(16° F. ) a mixture of the conc-entrated aqueous 
solution of zinc chloride with an equal volume of amylic olcoliol. The pro- 
duct is distilled from a water-bath over caustic potaah, and should be re- 
peatedly rectified. 

This substance was employed as an amrathetic by Dr. Snow, in the year 
1806. He administered ita vapor in more than one hundred cases, until the 
occurrence of two deaths under its influence caused him to abandon its 
use. Numerous other experimenters have observed its effects upon animals 
and upon the Imman subject. The condition of insensibility produced by 
its inhalation is not ao peraistent oa after chloroform. Tonic and clonic 
muscular spaams occur with greater regularity and vigor than when chloro- 
form or ether are exhibited. KespiratioQ becomes irregular and is arrested 
before the heart ceases to beat in fatnl cases. The posl-tiiorlem appearances 
in animals which have been killed with amylene are purely negative. 

Ansethesia is produced by inhalation of the vajmr of amylene in four 
or five minutes' time. Vomiting ia very seldom observed, and the return 
to couaciouanesa is usually more rapid Uian after chloroform or ether. By 
the Committee of the British Meilicul Association amylene was adminis- 
tered to rabbits, both by inhalation and by hypodermic injection, without 
any anKsthetic effects. 
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DEATHS CAUSED BY INHALATION OF AMYLBNE. 

1. Male, tbirtj-Uiree years ; in good health, though a free liver. Opei 
tioD for fiatula in ano, April 7, 1857. Six drachma of am3-lene were b 
ministered with an inhaler, by Snow himself. The patient appeared to 
become quietly unconscious in about two minutes. Pulse good. The 
operation was commenced about two minutes and three-quarters after Uie 
beginning of inhalation. The patient did not flinch, but held hia Umbs 
tense, without moving them. Immediately after the conclusion of the brief 
operation the pulse stopped in the left wrist, and was almost imperceptible 
in the right. His breatlung was, however, good — indeed, quite natural, and 
he moved his face and limbs as if about to awake. In two or three min- 
utes, however, he seemed to be getting more iuseneible ; he did not -wink 
when the edge of the eyehd was touched, and the breathing grew slow- 
er and deeper. Cold aSusion did no good. The countenance became 
livid, and respiration was gasping. It soon began to intermit with deep, 
distant inajjirationa. Artificial respiration— method of Marshall Hall — was 
then tried. Gasping inspii-ations continued fully ten minutea after the 
failure of the ptdse, and a slight movement of the heart was doubtfuUr 
detected at the moment when breathing flually ceaaed. The patient h^ 
drank a pint of ale shortly before the operation. Autopmj, forty-eight 
hours after death. — All the organs were healuiy.. Blood dark and fluid. Left 
Tentricle contracted ; the right was dilated and full of blood. ^Snow : Med. 
Times and Gaz., p. 381, April 18, 1857. 

2. Male, twenty-four years ; muscular. Removal of a small epithelial 
tumor from the back. Less than one ounce of amylene was poured into the 
inhaler (Snow's). In about two minutes the patient appeared to be uncon- 
scious ; at the end of another minute the sensibility of the margin of the 
eyehds was diminished. He was then turned upon his face, when he be- 
came much excited, and was with dilliculty held on the table. This con- 
dition lasted about a minute, wheu he inhaled a little more of the amylene. 
The operation waa then performed, occupying about two minutes, during 
which time the patient was not completely iusenaible, but muttered inco- 
herently, and moved himself a httle. Inh^tion waa continued at intervals 
duiiing the operation. Just as it was completed the limbs became relaxed, 
and respiration assumed a noisy, snoring character. The pulse was found 
to be almost imperceptible ; the face was hvid, and his breathing was of a 
gasping nature. Mouth to mouth insufllation improved the color of the 
lips and face, and there were spontaneous inspirations between the insuffla- 
tions, but tlie pulse could not be felt. After two or three minutes, artificial 
respiration by the method of Marshall Hall waa commenced, and was con- 
tinued for an hour and a half. During three-quartera of an hour there 
were spontaneous inspirations. Twenty minutes aftei- the accident, Dr. 
Snow Uiought he could hear the heart beating regularly, but very feebly, 
and the air seemed to enter the lungs by the patient's own breathing almost 
as freely as in health. At the end of three-quarters of an hour electro- 
puncture of the heart was performed. The needles were introduced to the 
depth of about an inch and a half between the cartilages of the ribs, just to 
the left of the sternum, and on a level with the nipple. They were after- 
wai-d found to have penetrated the walla of the left ventricle, near the sep- 
tum, bitt without reaching the cavity. This finished him, and there were 
Tin further efforts at inspiration after this time. j4u/ops(/ negative. — The 

a contained several small epithelial tumors similar to those removed. 
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from the back. There was a large cyst in ouo kidney, but, with these ex- 
ceptions, the organs were healthy. — Snow, St. George's Hospital, July 3D, 
1857 ; Med. Times and Uaz., p. 133, August 8, 1857. 



AMVTJC HYDRTOE— C.H„. 

Specific gravity, 0.G38 at 14° (57.2'' F.). 
Boihng-point, 30' (8G° F.)- 
Vapor density, 2,382 (Wntta). 

Amylic hydride is a colorless, transparent liquid, with a very slight, buF 
^reeable odor. It is contiuued iu the more volatile portions of American 
petroleum, from which it can be separated by fractional distillation. Its 
density is leas tban that of any other known liquid (Miller) ; it remains 
unfrozen at— 2i' (—11.2" F.). Its vapor bums with a brilUant white Hame, 
without siHoke. 

Richardson found that inhalation of the vapor of amylic hydride pro- 
duced insensibility in about two minutea This was preceded by muscu- 
lar movements, and sometimes by retraction of the head. There wns no 
irritation of the air-passages, nor any symptom of dyspnrea. AniPstbetic 
sleep thus procured was quiet, and associated with speedy and complete 
muscular relaxation, without notable diminution of bodOy heat Upon 
the smaller mammals auieathesia was rapidly induced without symptoms of 
agitation or danger. Recovery was rapid. When given in quantity suffi- 
cient to proiluce death, there was observed a diminution of temperature, 
with dilatation of the pupils and a simultaneous arrest of circulation and 
respiration. Foat-mortem appearances were negative. 



AMYTJC CHLORIDE— C,H,, a. 

Specific gravity, 0.699. 
Boiling-point, 101° (213.8° F.). 
Vapor density, 3.8 (Watts). 

Amylic chloride, or chloramyl, is a colorless, transparent, neutral 
liquid, with an agreeable odor — to some persona faintly suggestive of gorlio. 
It bums with a luminous flame bordered with green. It may be prepared 
from amylic alcohol, by passing a rapid current of hydrochloric acid into 
the alcohol heated in a retort to 110" (230^ F.). Chloride of amyl Is formed 
and distils over. When the retort is nearly empty, the distillate is poured 
back, and the same process is repeated. The product is then shaken with 
strong hydrochloric acid, iu which amylic alcohol is soluble — chloride of 
amyl being insoluble — then with water (Watts). 

Acconling to Snow and Richardson, amyUc chloride produces a slowly 
developed and long-coutinuiug auicsthesia. Dr. Snow inhaled the vapor 
of four cubic centimetres (one drachm) of the hquid without any specinlly 
disiigreenble consequences, and by Dr. Richardson it was successfully em- 
ployed to prevent the pain of touth-extroctiou in fourteen cases. 
15 
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AM7IJC IODIDE— C,H„L 

Specific RTOvity, 1.611 at 11° (Sl.a- F.). 
Boiling-point, 146° (2918° F.}. 
Vapor density, 6.(j75. 

Iodide of amyl is a colorless, transparent liquid, of faint odor and ptm-l 
gent tastfl. It turns brortn on esposiire to light For its preparation foor^ 
parts of iodine are placed in one flask, and an esceas of pliosiihorua in an- 
other. Seven parts of amjlic alcohol are poured upon the iodine, and the 
hquid is shaken till opacity is produced, then poured upon the phoi^horus 
and digested till the color is removed — again poured upon the iodine, and 
so on, till all the ioJiue is exhausted. The nearly colorless product so ob- J 
biined is washed with shgbtly alkaline 'water, dried over chloride of calciui 
and rectified. The latter portions are the purest (Watts). 

This is another of the rarer auitsthetic compounds with which Bichar&>l 
son experimented, 

CAPRYIJC HYDRIDE— C.H,.. 

Specific gravity. 0.728 at 0" (32° F.). 
Boiling-point. 116"— 119° (239°— 246.2° F.). 
Vapor density, 4.01°. 

CapTylic hydride, octane, or octylic hydride, is one of the constitaenta 
of American petroleum ; also found among the light oils obtained by diB>1 
tiUing "Wigan caunel coal at a low temperature. It is a colorless bquid,il 
haring a faint, ethereal odor (Watts). I 

According to the experiments of Bicbardson upon animals, this sub- 1 
stance produces a long period of preliminary excitement, accompanied by I 
vomiting. Aniestlieaia thus induced is very evanescent. 



Keroselene is a colorless, inflammable liquid, with an odor somewhat's 
^gestive of chloroform. It is derived by distillation from American p6- I 
troleum, and is a complex mixture of numerous hydrides of carbon, such 
as amyUc, caprj'lic, cenanthyhc, lauryhc, myristyUc, and palmitylic hy- 
drides. These compounds may be to some extent separated by fractional 
distillation. Their mixture boils at a temperature that 'varies between 50° 
and 60° (122° and 140° F. ). That portion which distils over at a temper- 
ature below 50° (122" F. ) is called naphtha, and consists chiefly of amylene 
and amylic hydride. If the vapors are well refrigerated, the product also 
contains butylic hydride (C H,,), and constitutes the liquid known as rAi- 
golene {Maisch}. Butyhchydride boils at 1° (33.8° F.). and for that reason 
cannot be easily preserved at ordinary temperatures. The liquid which has 
been employed, under the name of rhigolene, for the production of local 
an.'psthesia, is a mixture of butylic hydride and naphtha, substances which 
belong to the paraffin series of petroleum derivatives. 

Kei-oselene was experimentally investigated by Henry J. Bigelow, of 
Boston {Jionlon Med. and Surg. Joum., July, 1861). it produced, in every 



instance of ita employment, disagreeable and alarming symptoms, such as 
irritation of the air-passages, lividity of the surface, muBCular diBturbance, 
and intermission of the pulse. 



oHj of tubpentine— c„h„. 

Specific gravity, 0.86—0.89. 
Boiling-point, about IGO" (320" R). 

Oil of turpentine is a volatile oil contained in the wood, bark, leaves 
and other parts of pines, firs, and other trees belonging to the coniferous 
order, and separable therefrom by distillation with water. It is usually 
prepared by distilling crude turpentine, either alone or with water. Tur- 
pentine oils obtained from different sources exhibit considerable diversity 
in their specific gravity, boihng-point, and opttcal rotatoiy power. The 
several varieties, when puriiied by repeated rectification with water, are 
colorless, mubile liquids, having a peculiar aromatic, but disagreeable odor. 
They are insoluble in water, slightly soluble in aqueous alcohol, miscible 
in all proportions with abuolute alcohol, ether, and carbon bisulphide 
(Watts). 

Kappeler has recorded a tradition that once, on shipboard, in the ab- 
sence of chloroform, a sailor was ansesthetized with the vapor of oil of tur- 
pentine. Richardson employed it in his esperiments upon animals, and 
found it a rather tedious, though effectual anaesthetic. The peculiarly irri- 
tating effects upon tbe kidneys which are produced by oil of turpentine 
would be likely to manifest themselves if its vapor were often inh^ed. I 
have known one instance in which general muscular debihty, continuing 
for several days, was produced by inhaling the vapor. This occurred in a 
person who had experienced a convulsion after swallowing a grain of cam- 
phor, and who was almost completely paralyzed by the use of copaiva. 



BENZENE— C.H,. 

Specific gravity, 0.8991 at 0° (32° F.). 

Boiling-point, 80.4° (176.8° F.) ; melts at 5.5° (41.9° F.). 

Vapor density, 2.77. 

The term benzene is restricted by Watts to the pure hydrocarbon, C,H . 
Benzol is the name given to the complex commercial substance from which 
numerous different bodies may be separated. 

Benzene is, at ordinary temperatures, a limpid, colorless, strongly re- 
fracting oil. When cooled it solidifies into fern-like tufts, or into hard 
masses like cnmphor. It has a pleasant smell. It is scarcely soluble in 
water, but imparts a strong odor to it. In alcohol, ether, wood-spirit, and 
acetone, it is readily soluble. It is very inflaoimable, and bums with a 
bright, smoky flame. The most abundant source of benzene is coal-tar ; 
but the product obtained from this source is very impure, containing seve- 
ral higher hydrocarbons, volatile alkaloids, and other substAQces {Watts). 

The experiments of Simpson, Snow, and Richardson indicate that ben- 
zene possesses undoubte<l ansesthetic properties, but it produces unpleasant 
aenBationa in the heatl, and a decided tendency to the development of con- 
Tulaive movements, if administered in quantity sufficient to produce com- 




ARTIFICIAL ANJESTBICSIX AND ANAESTHETICS. 

plet« ftnoeslbesm. Tbo Committee of the British Medical Aseocintion c 
perimeiitfld with it on frogs. It wns nearly oh slow us ether in it* ncUon, 
and it excited etrugghng on the part of the animal. The action of the 
heart was also enfeebled, though leas than when chloroform was employed. 



pyRROL— C.H.N. 

Specific gTOTity, 1.077. 
Boiling-point, 133^ (271.4° R). 
Vapor density, 2.40. 
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Pyrrol is a colorless, transparent hqiiid of delightfully fragritnt odor, 
resembling chloroform, but softer and less pungent. It has a hot and 
pungent taste. Is sparingly soluble in water, but is readily soluble in al- 
cohol, ether, and oils. It is insoluble in alkaline solutions, but dissoWes, 
though not roodily, in acids (Watts). 

Pyrrol appears to be produced in almost evety instance where animal] 
or vegetable matter containing nitrogen is subjected to destructive di 
Ution (Watts). 

This is one of the substances with which the Committee of the Bntisli 
Medical Association has rec^eutly experimented. In tlie frog it pivxluced 
antesthesia with cousideraVily less rapidity than chloroform, and ^rent ci- 
oit«ment and musciUar spasms preceded complete an RSthesia. Its hypo* 
dermic administration to three young rabbits produced spoBmodic i 
ments, principally involving the jaws and fore-paws. These rabbits 
not decidedly anesthetized. 



ALCOHOI.— C,H.O. 

AUcohol, Weingei«t, G. ; Alcool Fr, ; Aqua ardena, Sjiiritiis vin 
Tnim, Alcohol vini, L. 

The word alcohol is derived from the Arabic words al and hAol, signi- 
fying the impalpable powder of antimonic sulphide with which the orien- 
tal women were accustomed to darken tlieir eyebrows. The primitive 
signification of the word tohol is anylhinij that in burnt or that bwnm. This 
probably refers us back to the most ancient times, when ashes wer« apphed 
to the face, juat as the Hindoo women now mark their foreheads with char- 
coal or ashes. How the term come to be appUed by the alchemists of the 
middle ages to the newly discovered product of distillation is unknown. 

Alcohol, except as it exists in the fermented juices of fruits, was un- 
known to the ancient Greeks and Bomans. It has been claimed as one of 
the products of Chinese industry centuries before it was introduced to the 
other races of Asia. Albucasis, the Arabian chemist, living in the twelfth 
century, has been credited with the discovery of brandy ; but it is scarcely 
probable that such a substance should have escaped the attention of one 
so well acquainted witli the art of distillation as the famous Oeber. 

From these sources the knowledge of alcohol and its properties wns 
conveyed to European channels tlu^iugh the efforts of Aruauld de ViUe- 
leuve. This illustrious physician, bom in the south of Europe, about tlie 
_Mr 1260, was one of the most learned men of his time. A profound stu* 



XiconoL, '^Sd 

dent of alchemy, a successful practitioner of medicine, an ardent debater 
in pbitosophy and theology, he became a professor in the rising medical 
school at Moutpellier. At this time the £ime of the Moorish schools in 
Spain was at its height, and the French professor betook himself thither, 
in order to exhaust their knowledge at its source. It was there, no doubt, 
that he learned to prize the virtues ot that brandy which lie praises in 
Ilia work, De cormrmnda juuenlale et ntardanda senectule. For along 
time this liquor was prepared and sold only as a medicine by tlie apothe- 
caries. Considered at first a poison, then regarded as a valuable remedy, 
the sixteenth century witnessed its adoption by the European nations 
aa a sovereign remedy for nearly all the ills to which llesh is heir. In 
the year 1514, Louis XIL of fVance granted the monopoly of distilling 
spirits to the newly founded coi-poration of vinegar-makers. Before many 
years the work of distillation constituted a seitaratfi brunch of industry, 
and the consumption of spirits as an article of common beverage became 
M-idely diffused. It was not, however, before the year 1678 that liquors 
were to be purchased in Paris elsewhere tlian at Uie dispensaries of the 
druggists. From that date their sale has been practically without restric- 
tion. Previous to the great European campaigns under M'lrlborough and 
Prince Eugene, at the commencement of the eighteenth century, the na- 
tional beverage of the English was beer. In 1581, Camden tells us, the 
English soldiers in the Low Countries, during the terrible conflict between 
tlie Dutch and the Spaniards, first became acquainted with the use of 
spirits. But the number of the troops furnished by Elizabeth, though too 
small to make any serious impression upon the enemy abroad, was suffi- 
cient to work great injury upon the nation at home. The magnificent 
scale upon which the wnrs of Queen Anne were conducted could not fail 
to effect consequences of the gravest character. "The habit of gin-drink- 
ing (England in the Eiijhteenlh Cenliiry, Lecky, vol i , p. 516) — the master- 
curse of English life, to which most of the crime and an immense propor- 
tion of the misery of the nation may be ascribed — if it did not absolutely 
originate, at least became for the first time a national vice, in the early 
Hanoverian period. Drunkenness, it is true, had long been common, 
though Camden maintained that in Ijis day it was still a recent vice, that 
there had been a time when the English were ' of all the Northern nations 
the most commended for their sobriety,' and that ' they first learned in 
their wars in the Netlierlands to drown themselves with immoderate drink- 
ing.' The Dutch and German origin of many drinking tei-ms lends some 
color to this assertion, and it is corroborated by otlier evidence. ' Super- 
fluity of drink,' wrote Tom Nash in tlie reign of Elizabeth, 'is a sin that, 
ever since we have mixed ourselves with the Low Countries, is counted 
honorable ; but, before we knew their lingering wars, was held in the 
highest degree of hatred that might be.' ' As the English,' said Chamber- 
layne, ■ returning from the wars in the Holy Land, brought home the foul 
disease of leprosy, so in our fathers' days the English returning from the 
service in the Netherlands brought with them the foul vice of drunken- 
neoB.' But the evil, if it was not indigenous in England, at least spread 
very rapidly and very widely. ' In England,' said lago (" Othello," Act 11., 
Scuie 3), ' they are most potent in potting. Your Dane, your German, and 
your swag-bellied Hollander are nothing to yowr English." ' We seem,' 
wrote a somewhat rhetorical writer in 1657, ' to be steeped in liquors, or to 
be the dizzy island. We drink as if we were notliing but sponges, or had 
tunnels in our mouths. We are the grape-suckers of the earth.' . . . 
Among the poor, however, in the beginning of the eighteenth century, 
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the popular beyerage waa atUl beer or ale. ... It was compated ii 
1688 that no less than twelve million four bimdred thousand barrels wen 
brewed in England in a single yeHJ, though the entire population probft- 
blj little exceeded five RitUiooa. ... It was not till about 1724 that 
the passion for gin-diinking appears to have infected the massea of the 
' population, and it spread with the rapidity and the violence of an epidemic 
, . . . Ketailera of gin were accustomed to hang out painted boards 
announcing that their customera could be made drunk for a penny, and 
dead-drunk for two pence, and should have straw for nothing ; and cellan 
strewn with straw were accordingly provided, into which those who had 
become insensible were dragged, and where they remained till they had 
Bufficiently recovered to renew their orgies." Very similar was the condi- 
tion of affairs throughout the north of Europe during Uie eighteenth cen- 
tury. In America the war of the rebellion against England was the period 
during which the ancient temperate usages of the inhabitants of the co' 
nies were overthrown. The distribution of a daily ration of spirits — Wi 
India rum — among the soldiers was the means of diffusing throughout 
the community a taste for strong drink which has persisted ever since tiM 
close of that war. Could old Eayniond Lully have looked forward from 
the fourteenth century into the nineteenth, he would not have written with 
such enthusiasm about this "admirable essence of wine, an emanation of 
the Divinity, an element newly revealed to man. but hid from antiquity, 
because the human race were then too young t^i need tliis beverage, des- 
tined to revive the energies of modem decrepitude," More reaeonaUe 
was his faucv, though in a sense very different from that imagined by him, 
" that the discovery of this aqua viliv, as it was called, indicated the 
proaching consummation of all things — the end of this world." 
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Alcohol is obtained on a large scale by distilling from fermented 
charine liquids the spirit that has been produced from tlie sugar by the 
process of fermentation. Any saccharine liquid may thus be mode to yield 
alcohol, and, in tropical countries, it is usually prepared from solutions of 
cane-sugjir or molasses. In temperate climates it is necessary to ^ocuro 
the needful sugar by transformation of starch into grape-sugar. This is 
effected by subjecting starch- containing grains, Uke the cereals^ or roots 
that are riclily stored with starch, such as the potato, to the process of 
mashing. This process consists in digesting the mash, as the moistened 
grain is called, in moderately warm water for a number of hours. The 
starch is converted into sugar by the action of a ferment, called diasiate, 
which is yielded by the nitrogenous portion of the grain during its decom- 
position. Diastase is always present in germinating seeds, and by its ac- 
tive prenence the non-nutritive starch in the cotyledons of tie seed is tranB- 
formed into sugar, which is the normal nutriment of tlie embryonic planL 
In malt, diastase is present to the amount of ^J^ part by weight. One 
part of diastase is sufficient to effect the socchorification of two thousand 
parts of starch. According to Miller, the temperatiu* of 65° (149° F.) is 
most favorable to this transformation. The suf^ar thus fonned is called in- 
verled sugar, from the fact that its solution rotates, or ini>ert», the ray of 
polarized hgbt which may be transmitted through its medium. As a mat- 
ter of fact, the sugar is a mixture of hevulose and dextrose^forms of sugar 
irhich are so called by reason of their influence upon polarized light. 
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When the process of mashing is complete, the toioperftttire of the mash 
is reduced to about 22 " or 23° (12" F.). Yeast is theu added, aud the pro- 
cess ot/timientatiuii oommeuces. This conaista in the breaking up of the 
aocchanne molecule into carbonic acid gas and alcohol : 

Prulc-*DS*I. Cuboalc trM gu. AloahoL 

C,H„0, gives 2C0, + 2C,H.O. 

If grape-sugar or dextrose undergoes fermentation, the reaction may 
be thus represented : 



C.H„0, gives 2C0, + H,0 -i- aC^.O. 

When cane-sugar is fermented, each molecule first assimilates a molecule 
of wat«r, becoming fruit-sugar. The above-described transformation into 
carbonic anhydride and alcohol then takes place : 



C„H„0„ -I- H,0 ^ 2C,H„0,;and 

2C^„0, ^ 4C0, -I- 4C,H.O. 

The above formulas illustrate the manner in wMuli alcohcd is separated 
from the molecide of sugar. The process of fermentatii^n, however, is not 
as simple as they would indicate. The greater part of the sugar is thus 
transformed into alcohol and carbonic acid goa, but a certain (juantity es- 
capes this change, and ia converted into other proilucts. According to 
Pasteur, 100 parts of cane-augar by fermentation constitute 105.4 parts of 
glucose (fruit-BUgarJ, and these yield : 

Alcohol G1.1 

Carbonic acid gas 49,4 

Succinic acid 0,7 

Glycerine 3.2 

Matter passing to the yeast 1.0 

Sum 105.4 

The above statement, however, ia only approximately correct A small 
portion of the sugar is transformed into the higher alcohols and ether. 

The process of fermentation requires for its initiation the presence of a 
ferment Ferments are nitrogenous substances of unstable constitution, 
wlucb have the power of transferring motion to the molecules of certain 
bodies witli whicih they are brought in contAci The explanation of this 
process is largely h^-potlietical, but it seems quite certain that it is not a 
process of combination or of double decomposition. Ferments like dias- 
tase ore yielded by decomposing nitrogenous matter. Animal ferments 
like pty^in, pepsin, tryjisin, etc.. are thrown off among tbe products of 
organized anim^ cells. The ferment of yeast is ordinarily described as n 
vegetable cell ; but, strictly speaking, this is not correct. Yeast-ferment is 
the product of the cells of the vugar/uni/ug—ia &a excrement, so to speak — 
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but is not tlie cell itself. Tbe formation of the ferment 
process ; the action of the ferment ia a physical proceaa. 

The action of the ferment upon sugar is quite the reverse of tbe action 
of alcohol upon the same kind of molecules. Under the inlluence of the 
ferment, the motion of the atoms of sugar is increased. They rearrange 
themselves into new groups, ^vith results that are almost suggestive of life. 
But, Fts the alcohol thus separated increases in the saccharine solutiou, the 
activity of the process diminishes. Alcohol by its presence acts the reverse 
part to a fermeut : it hinders molecular motion. In sufficient quantity it 
completely arrests certain kinds of molecular motion. If present to the 
amount of twenty per cent, or more, in the fermenting liquid, it completfly 
neutralizes the energy of the ferment, and puts an end to the process. By 
virtue of this pecuhar property of alcohol it operates upon sensitive living 
tissues to produce ona'sthesia, upon contractile hving tissues to produce 
paralysis, and upon uon-hving organic matter to produce antisepsis. 

Since the fermeutiug hquid cannot contain moi-e than twenty per cent 
of alcohol, in order to procure a stronger alcohohc fluid it is necessary 
resort to the process of distillation. The success of this method is l»sed' 
upon the diScring degrees of volatility of alcohol and of water. AIcoh< ' 
boils at 78.4" (173" F.), and may, consequently, be transferred from a n 
tui-t to a cooled receiver more rapidly than tiie water with which it is mixed. 
But n complete separation of the two liquids cannot thus be completely 
effected, because a certain amount of wittery vapor is formed, and passes 
into the receiver along with the alcohohc vapor. By repeated distillatioa 
the strength of the distillate may be progressively increased until it con- 
tains ninety-two per cent by weight of alcohol, and exhibits a specifio 
gra\ity of 0.817. The remaining eight per ceni of water can be removed 
only by distilling the hquid from a retoi't which contains b substance hav- 
ing an affinity for water sufficiently powerful to retain the whole of it. Ray- 
mond Lulty employed potassic carbonate for this purpose. Quick-lime, 
chloride of calcium, anhydrous sulphate of copper, and other dehquescent 
salts, have been used to efiect the SJime result 

Pure alcohol, thus rendered anhydrous, is called absolute alcohol. I 
is a colorless, spirituous liquid, with a decidedly characteristic odor, A 
0° {32" F.) iU specilic gravity is 0.8095; it is 0.7939 at 15.5° (60° F.). 
0.792 at 20° (G8° F.). Under an atmospheric pressure equivalent to 760 
millimetres of mercury, it boils at 78.4 (172.7° F.}. It never freezes, biit 
at a temperature of —100" (— 148° F.) it assumes an oleaginous consistence. 
Alcohol may be mixed with water in any proportion. This, however, ia nofe 
exactly in all respects a simple mixture, but is rather a species of hydration 
auatogous to the hydration of sulphuric acid. As in tiie cose of tiie addi- 
tion of water to the acid, so the addition of water to absolute alcohol causes 
contraction of volume and hberation of heat. According to Wurtz, 62.S 
volumes of alcohol and 47.7 volumes of water produce only Ub.3S volumes 
of hydrated alcohol 

Alcohol is highly inflammable, burning with a lambent, pale blue flame, 
and with great Ul^eratioa of heat If the vapor of alcohol is subjected to & 
high temperature by passage through a porcelain tube at a red heat, it is 
decomposed (dissociated) into water, hydrogen, marsh-gas, and olefiant ga& 
Free carbon is also hberated, and small quantities of benzene, uaphthtdin^ 
and phenyl hydrate are formed. 

Alcohol dissolves many substances, not only gases, but liquids and sohda. 
It dissolves iodine, bromine, some phosphorus and sulphur, the alkaUe^ 
and alkaline earths, the chlorides, iodides, and nitrates ot many metals^ 
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many o^nnic noids, and nearly all alkaloids, resins, rolutile oila, camphor, 
and fixed oils (Maiscli). 

Phygiological action of alcohol. — Alcohol coagulates living animal proto- 
plasm. 11 highly concentrated, it acts upon mucous surfaces, and upon the 
cutaneous surfaces near the orifices of the body, as a powerful irritant. 
Applied to a raw surface, it produces great pain and rapid coagulation of 
the ftlhuminous fluids whieh cover the wound. If injected into the veins, 
in a sufficiently concentrated state, it coagulatee the blood. Taken into 
the stomach in considerable quantity 'without dilution, it causes inflamma- 
tion of that viscus. In emaU quantities, largely diluted, it produces only 
on agreeable sensation of warmth referred to the stomach, and it stimulates 
the secretion of the digestive fluids. In large quantities, especially if highly 
concentrated, it is a powerful irribuit poison, producing delirant, anies- 
thetic, and asphyxic eflccts. Absolute alcohol is dangerous in almost any 
dose, by reason of its powerful affinity for water, wbich it at once abstracts 
from the tissues to their detriment or destruction. 

Alcohol passes readily through the mucous surfaces of the stomach and 
intestines, thus finding ita way into the circulation. From the cavity of 
the mouUi it may also, if well diluted, be absorbed to a certain extent. It 
is said that it is also absorbed by the skin, but this cannot be true of any 
considerable quantity of the liquid. Patients with open stumpB. or other 
raw surfaces wuich arc continually bathed with alcohol, are sometimes con- 
siderably inebriated by the liqiud that is thus taken into the circidation. 
The vapor of alcohol is readily absorbed through the surfaces of the pul- 
monary air-cells, as persons who are engaged in certain processes of recti- 
fication very vv-ell know from their own experience. 

The effects of alcohol after it has been introduced into the blood are 
dependent upon the amount that has found its way into the current of the 
circulation. It is necessary, therefore, to consider the effects of alcohol in 
varying doses, as well as its general efifect upon the functions of the living 
tLBBues of tlie body. Before passing to a consideration of the perturbations 
thus occasioned, it is proper to review the course and destination of alcohol 
as it traverses the body. Mingled with blood in the arteries and veins, it 
remains unchanged— it is merely dUuted by the water of the blood. Perrin 
BtatesC'Dict. Encyc.desSci. Med., "t.II.)that, baring drawnfrom the carotid 
arteries of two dogs seven hundred grammes of blood, one hour and a half 
after a quantity of alcohol sufficient to produce intoxication had been ad- 
ministered, he was able by distillation to recover five grammes of the olco- 
lioL Examining by the same method the blood of oUier animals after all 
signs of intoxication had disappeared, nine and sixteen hours after taking 
Klcohol, the substance could still be detected. The analysis of human blood, 
during and immediately after intoxication with brandy, gave the same re- 
sults. Alcohol, therefore, may circulate without change. 

It has been asserted that a certain proportion of alcohol is oxidized in 
the blood, becoming transformed into aldehyd and acetic acid. Pen-in ex- 
amined tlie blood of dogs which had been rendered insensible with alcohol, 
but he was not able to discover any trace of aldehyd or of acetic add, either 
free or in combination. Bouchardat and Sandros were of the opinion that 
acetio acid does exist in the blood of animals under the influence of 
ftlcohol, but it was by its odor and by a slightly acid reaction alone that 
they identified the substance. This is not very convincing, especiidly since 
Tonous observers have detected, as they supposed, acetio acid and acetate 
of sodium in the saliva, blood, muscles and spleens of animals in their nor- 
mal conditioQ. It is, moreover, now well known that substances are not 



to nuy coDBiderable extent oxidized in tbe blood. The oxidations 
body are for the most purt eflected in the tissues outside of the blood, 
the blood, therefore, must alcohol exist iira state of nature, or else the 
blood must exhibit an increase of oxidation products derived from the ac- 
tive processes that take place within the tissue-cells under the induence of 
alcohol, if it is there oxidized. From the tact that after taking alcohol 
there ia a diminution in the amount of carbonic acid gas exhaled from the 
lunga, it has been inferred that alcohol is not transfonned into water and 
carbonic anhydride in the tissues. It may be detected in the uiine, in the 
sweat, and to a certain limited amount in the breath ; consequently, it has 
been concluded that alcohol acta simply by its presence, and that as it 
passes through the body it modifies, catalytically, the functions of the tis- 
sues without being itaeU broken up by oxidation into carbonic anhydride 
and water. The experiments of Schulinus, Dupr£, Anstie, and others, in- 
dicate, liowover, that this opinion is too sweeping. Nothwithstanding the 
fact that alcuhol con be recovered from the bi-eath, from the blood, urine, 
and tissues of any animal to which it has been administered, no one has 
^et been able to account for anything like the whole amount that has been 
ingested. It seems reasonable, therefore, to believe that, while the excess 
of alcohol, over and above the capacity of the tissues, is eliminated through 
the various emunctory channels, a certain quantity is taken up by the tis- 
sues and is by them transformed for purposes of nutrition. . Whatever 
amount is not thus disposed of acts, in some manner not yet understood, to 
retard the various vibU processes, so that the liberation of heat, and the 
formation of water, carbonic anhydride, urea, etc, are actually diminished. 
At the same time all other vital movements are retarded and diminished to 
a degree which may produce oil the phenomena of paralysis of seuaibilitj 
and of motion. 

It has been claimed that the action of alcohol upon the tissues ia 
tributable to its affinity for the water which they contain. But this i 
hardly be the only cause, for it is not necessary to desiccate animal mati 
with alcohol in order to prevent their putrefaction. Twenty per cent, of' 
alcohol in a fermenting liquid is sufficient to arrest the process of fermen- 
tation, though eighty per cent of water be present As Binz has remarked 
{Keat'Encyc. Gesam. Heilkunde, B. I., p. 181), the removal by evaporation 
of twenty per cent of the water from a given quantity of urine will jui' 
prevent its putrefaction, while the presence of twenty per cent, of alcoholj 
will prevent all such changes. It is not the absence of water, but it is tMl 
active presence of alcohol, that effects the result. 

Some have ascribed the effects of alcohol to on abstraction of fat from 
the cells of the tissues under its influence. Perrin, Lallemand and DurOT 
remarked that after the impregnation of the blood with alcohol or with 
any other amesthetic, a definite quantity of fatty matter could be discovered 
upon the surfiice of blood that had been withdrawn from the veins. It ia 
not probable, however, that this can be the cause of the eflecta which ore 
noticed after the use of ana-athetics, for their efl'ects are too transitory to 
be connected with so considerable a modification of structure as this would 
imply. Nor can we .thus account for the effect of these substanoea upon 
plants in which no such abstraction of fat has been remarked. The hypo- 
thesis of Bernard, who attributed the effects of nnieathetics to a brief and 
partial coagulation of the protoplasmic elements of the tissues, is probably 
nearer to an expression of the facts. The truth of the matter, however, 
lies deeper than this. The cause of an.Tsthesia is to be sought among the 
modifications to which the movements of the molecules of protoplasm 
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subjected when exposed to the inSuences contributed by the beterogeneous 
movementa of the molecules which compose the anesthetic substance. In 
their norunl condition the vital phenomena of living protoplasm are depend- 
ent upon the permanence of a certain " moving equilibriuiu " in which all 
its constituent molecules take part. If this equihbrium be disturbed by 
the removal or suppression of certain of its factors, a lower degree of com- 
plexity in the movements of the molecular congeries, is the consequence. 
This impUeH a lower grade of vital mauifestation. Thia takes place during 
starvatioD, a process which is characterized by instiflicieutly compensated 
removal of factors from the molecular congeries. It may be the result of 
imperfect " defecation " of the tissues — a condition in which the products 
of interstitial osidation are not extruded from the congeries, but remain as 
constituent factors of the moving equilibrium of atomic forces. These ox- 
idation products, being all of them composed of molecules in which the 
atoms occupy a relative position of greater stability than the position which 
they held before contact with oxygen from the blood, must necesaaiily 
diminish the complexity of the motions exhibited by the constituents of the 
cells of which tbey form a part. This diminution of complexity of motion 
imphes a lower degree of vital manifestation. This is what may be often 
observed during certain processes of disease. It is the cause of that gen&- 
ral torpor which may often be so happily relieved by the action of oliminant 
remedies. Again, the equihbrium of the living molecular congeries may 
be disturbed by the introduction of matter from without Every such in- 
troduction imphes a necessary readjustment of the equilibrium which 
must be maintained within the organized tissues, if their bving identity la 
to be sustained. Certain substances, oxygen for example, cannot thus be 
adjusted — cannot hormouiously unite with the factors of living tissue^ — and 
are, therefore, poisons to the protoplasm. Other substances can be thus 
adjusted without difficulty, and serve, by their addition to existing proto- 
plasm, to increase its complexity, or at least to increase the multiphcity of 
the movements of its factors. Such substances are nutritious to the proto- 
plasm. Carbon, hydrogen, phosphorus, sulphur, iron, and certain other 
metals belong fo this class. But, since the exhibition of vital phenomena 
by protoplasm depends upon a certain approximation to a particular ratio 
between the atomic elements of the protoplasm, it follows that any special 
sxoess of one or more of its constituents must interfere with the character 
of the equihbrium into which this excess has been intruded. Plethora 
may produce results analogous to starvation. Now, this seems to be the 
condition of things after the ingestion of alcohol and other hydrocarbona- 
oeous substances. They are composed for the most part of two elements, 
carbon and hydrogen, which are perfectly compatible with the constituent 
elements of living protoplasm. If introduced with sufficient moderation, 
they caa enter without difficulty into the pre-esistent moving equihbrium. 
They are then highly serviceable as nutritious substances. But, if pre- 
sented in excess to the tissues, by virtue of their high degree of diflusibil- 
ity they pervade the living mass without fairly entering the molecular 
congeries which constitutes the organized protoplasm ; in other words, 
they are absorbed, but not assimilated, and their excessive presence me- 
chanically hinders the access of oxygen to the hving matter. Ordinarily, 
this mechanical hinderance to the respiration of the tissues is not sufficient 
to arrest the process. The organized cell is in a condition analogous to 
that in a bouse which is full of smoke. Breathing is difficult under such 
circumstances, and it may even be arrested if the quantity of smoke exceed 
a certain amount. In like manner, alcohol and its related aniestbetios may 
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overwhelm the protopIaBia of the tissues, and may actually prodaca thei 
death by a mechanical effect analogous to overcrowding. IS the tuuestbetie ' 
contains a constituent element which cannot under any circumstances enter 
into a moiling equilibrium with the other elementa of living matter, but 
which can only be associated with them in a liable eqiiilibrium, then we 
find added to the dangers arising from overcrowding— the meclianiad dan- 
gers — a new form of danger arising from incompatibility. Such substanceci 
tend to destroy the equilibrium of forces which alone admits of the eshibi- 
tion of vital plienomena, breaking it up and forming with its constituents 
new arrangements of force which are incapable of exhibiting any kind of 
vital phenomena. Such a substance is osygen. By its excessive action all 
vitality may be extinguished. Such a substance is chlorine, or bromine, 
or iodine, or hydrocyanic acid- Such aubatances are not merely mechani- 
cal obstacles to the perfection of vital function ; they are active opponenta J 
to the existence of vital organization — they are chemical poisons. 

Here we find the key to the action of ani^thetics, and we also discovc 
a reason for the difference that exists between them in the matter of dan- ^ 
ger. Alcohol and ether kill by producing a mechanical surfeit of the living 
mass. Chloroform, the chlorine, bromine, and iodine series of aneesthet- 
ics, kiH mechanically and chemically also. They are doubly dangerous. 

Another source of danger, according to Habuteau, is connected with 
the chemical affinities of these substances. There is a certain ratio exist- 
ing between their molecular weights and their lethal energy. According 
to this doctrine, the heavier the molecule the greater the danger which is 
connected vrith its use. The molecule of etiiylic alcohol contains twen^- 
four parts by weight of carbon, six parts of hydrogen, and aisteen parts of 
oxygen, forming a total molecular weight of forty-six (24 + 6 + 16=46). 
The molecule of ethylic etlier contains forty-eight parts of carbon, ten 
parts of hydrogen, and sixteen parts of osygen, giving a molecular weight 
of seventy-four (48 + 10 + 16=74). The molecule of ethylic bromide con- 
tains twenty-four parts of carbon, five parts of hydrogen, and eighty parts 
of bromine, forming a molecular toUl of one hundi-ed and nine (24 -f- 5 
+ 80=109). The molecule of chloroform contains twelve parts of carbon, ' 
one part of hydrogen, and one hundred and five parts of chlorine, mak- 
ing a total of one hundred and eighteen (12 + 1-)- 105=118). In this way I 
a table might be constructed which should display the relative molecular 1 
energy of each aniesthetic substance, something like the following : 



UalamlH Wright. 



Methyl alcohol . 
Methyl ether . . . 
Ethyl alcohol.. . 
Ethyl ether. .... 
Ethyl bromide . 
Chloroform. .... 



CH.O 
C,H,0 
C,H.O 
C.H,„0 
C,H,Br. 
CHCl, 



S.3126 

3.40626 
3.6875 



Such a method of comparison, however, would lead to erroneous re- 
sults, because it mokes no account of different degrees of diA'usibihty, and 
of chemical affinity which cannot be indicated in this way. The rate of 
elimination of ea<^ substance should also be taken into aocouuL As a 
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matter o( fact the physiologic-al and toxicological properties of auy given 
substance depend upon bo many facts and relutiouB, in which its atomic 
constituents take an active part, that it is impoBsible iu the pi-egeut state of 
our knowledge to predicate the properties of any substance ivom a simple 
inapection of its chemical formula. We may form certain more or less 
probable hypotheses— conjectures which may assist us in the search for 
knowledge ; but theoretical dogmatism is quite out of place. The only 
final and aatiafactory appeal must still be taken to the court of experimental 
research. 

In the case of alcohol, experiment and observation are not difBcult, so 
far 09 the grosser physiological and pathological phenomena ore concerned. 
It is when we desire to explore the more intricate relations of the sub- 
stance witii the phenomena of nutrition and excretion that we find ourselves 
beset with difdculty. This difficulty, however, is largely owing to the fact 
that the quantity of alcohol that has been throt^n into the blood has not 
been taken su^ciently into the account by different observers. If less 
than the amount which the tissues can assimilate in a given unit of time 
be conveyed to the tissues, they will dispose of it without giving any sign 
of disturbance. There will be no alcohol in the pulmonaty, cutaneous, or 
urinary excretions. In such cases alcohol will only be found free in the 
blood under the some conditions that permit the discovery of sugar in the 
blood. It serves as a nutrient very much in the same way that sugar 
serves to sustain the energy of living protoplasm. If more alcohol than 
the tissues cnn assimilate be introduced into the blood, a certain portion 
of the excess may possibly be transformed into glycogen and be stored up 
by the cells of the hver ; but of this there is no experimental proof. The 
surplus alcohol will circulate in the blood, and will be elintinated as &st as 
the excretory glands can manage the quantity thus thrown ujwn theoL 
According to Ferrin and his collaborators, the excess of alcohol tends to 
accumulate in the nervous tissues. From the nervous tissues of dogs 
which had been intoxicated with alcohol they recovered alcohol by distil- 
lation. From 440 grammes of brains, nerves, etc., deprived of their en- 
Telopes and carefully washed, they obtained 3.25 grammes of indammable 
alcohoL From the same quantity of the blood, treated in the some man- 
ner, they obtained a little less— about three grammes. From the nervous 
substance of an old toper, who died thirty-two hours ofter a brandy de- 
bauch, they obtained three times as much alcohol as could be extracted 
from an equal weight of his blood. In the liver, also, these observers 
found a similar accumulation of alcohol. As might be expected, they 
found that when alcohol was introduced by the way of the stomach the 
lirer contitined more in proportion than the brain. This was revei'sed 
when the substance was Introduced by direct injection into the veins. 
We need not, however, infer from these observaUons that there is any 
special attraction between the elements of nerve-tissue and alcohol. The 
brain, like the liver, is an excessively vascular organ, which is at the same 
time, unlike another vascular organ — the lungs— ricldy endowed with cel- 
lular elements. These are penetrated by every excess of alcohol, and the 
organ of which they compose so important a part becomes appreciably filled 
with the substance. The relatively insignificant cellular organization of 
the lungs and the kidneys cannot contain so large a relative amount. The 
quantity of alcohol recoverable from such organs is principally dependent 
upon the volume of the blood which they may chance to contain, and this 
fluid, OB it circulates through lungs and kidneys, is continually losing its 
foreign impurities. Alcohol filters avtay in the urine, and iu some small 
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quantity ia given off through the breath, bo that the cells of the lungs audi 
of the kidneys can never become overcharged with the liquid. 

That alcohol may serve as a nutrient to the tiasues can no longer be con- 
sidered doubtful, llie fact that so large a portion of the Ingested substance 
disappears dm-ing its passage through the body is suggestive of this doc- 
trine. Liebig gave to alcohol high rank in the list of alimentary substancea, 
considering it gift«d with special value as a " respiratory aliment." for 
the liberation of heat in the act of osidation to carbonic anhydride and 
water. Tins view of the subject was stoutly contested by observers who 
had remarked the diminution of eliminated carbonic anhydride under the 
influence of alcoholic potations. Perrin found ( " Diet. Encyc. des Sci. M*d.," 
t. IL, p. i>85), by experiment upon himself, that when he compared the 
amoiu]t of carbonic acid gas ehminated during five hours of a day in which 
he took 670 c.c. of red wine, containing nine per cent of alcohol, with the 
amount ehminated during the same number of hours ofa day of abstinence^ 
there was a uniform reduction of the gas. 



I Weight of CO, exhaled during 
I the experiment (five hours) 



Ue« of wioo. 


AlntiacDoe. 


■207.500 


269.500 


226.700 


240.300 


195.900 


247.200 


200.600 


253.100 


210.000 


252.700 


225.700 


247.800 



I 



Tlie same experimenter ascertained that the influence of alcohol upon 
the exhahLtiun of carbonic anhydride is at its maximum iibout three hours 
after the ingeBtion of the liquid. At the expiration of five houra its influ- 
ence seems to be exhausted. This does not represent the whole time ne- 
cessary for its total elimination. Dupre found that it could be detected for 
a longer time in the excretions — from nine to twenty four hours ; but hs 
was of the opinion that, inasmuch as there is no increape of alcoholic elim- 
ination during the days of an alcoholic diet, the alcohol of each day must 
be either eliminated or consumed during each day. There is no cumula- 
tive process within tlie tissues. The urine is increased in quantity during 
an alcoholic regimen, but ite composition does not sensibly vary from the 
normal standard. Nearly all experimenters agree that there is no diminu- 
tion in the amount of urea that is excreted. For this reason Parkes and 
others have fmuid it difficult to believe that there can be any real dimino- 
tion in the exbiUation of carbonic acid gaa. 

In this connection it is worthy of remark that the quantity of alcol 
employed by Perrin in his experiments upon himself was quite consido*-'] 
ble. He was in the habit of taking at a single dose 670 c.c. of red nine, 
containing nine per cent or 60.3 c.c. of absolute alcohol. This amount — 
nearly two ouuces^ — is very near the amount which Anstie considered a full 
dietetic allowance for an entire day. It is, therefore, highly probable that 
in his experiments the paralyzing effect of alcohol was more conspicaoua 
than it would have been had the amount been distributed throughout ths' 
day. That the same result was not equally conspicuous in the excretion ot 
urea is probably due to the relatively small amouut of urea that is excreted, 
and to the fact that observation of its discharge cannot be continuous, asin 
the case of cai-bonic anhydride eliminated through the lungs. The urine 
is carried for several hours, perhaps, in Oie bladder, during which time 
many variations in the mte of excretion may have occurred, but all are con- 
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cealed by tiie ftdmisture of the urine of different periods in the bladder. 
The formation of carbonic anhycbiJe, is, moreover, it direct effect of oxida- 
tion in tlie tissues, and is therefore more easily disturbed by anything 
i tlmt may interfere with the movement of oxygen in the tissues. But the 
formation of urea is a more compUcated process, which is probably less de- 
pendent upon tbe immediate action of oxygen. The formation of urea 
might, therefore, go on with comparatively little diflturbance while alco- 
hol was retarding all processes of direct oxidation. The experiments of 
V. Beck and Bauer {Zeilschri/l fur Biologic., X., 1874), and of Rabuteau 
{L' Union jtfiJi., 1870), indicate, moreover, Uiat the excretion of urea is actu- 
ally diminished like that of other products of tissue-change. 

The capacity of alcohol to replace other alimentary snbntances is well 
exhibited by the eSecte of an alcoholic diet In certain breweries it is cus- 
tomary to fdlow the head brewer as much as sixty glasses of beer^er diem. 
He hves almost entirely upon this Uquid food, consuming very little else 
of any kincL This, however, is not a fair example of an alcohoUo regimen, 
because in beer the unfermented sugar, and the other nutrient substances 
besides the alcohol, occupy a position of no inconsiderable importance. But 
the observations of Anstie have placed beyond question the fact tliat hfe 
can be sustained by a diet consisting almost exclusively of diluted alcohoL 
In Ilia work on Stimulants and Narcotics (p. 386) he relates the history of 
an old soldier, eighty-three years of age, who for about twenty years bad 
lived principally upon a bottle of giu each day. This he drank diluted 
with water, but without sugar. Besides this he was in the habit of eating 
" one small finger-length of bread, usually toasted," which was " all that he 
ever took from one end of the day to the other." He did not drink tea or 
oofiee, or any other beverage besides hia gin and water. He was in the 
habit of smoking a few pipes of tobacco each day. This case was carefully 
investigated by Anstie, and waa under his immediate case for a year until 
be died of bronchitis. The author remarks that "the man's appearance 
was very, singular and not easy to describe; it was not that he was very 
greatly emaciated, bitt he had a dried-np look which reminded nie of that 
of opium-eaters." A number of similar cnsos were also collected by Ans- 
tie from the experience of his medical frienda " Dr. Slack, of Liverpocd, 
informed Dr, Inman that two female patients of his own, who loathed 
all ordinary food, had subsisted for months on nothing but alcohol in one 
shape or another ; one of these, who waa bed-ridden, appeared actually fat- 
ter at the end of three months than she was at first A surgeon's widow 
informed Dr. Inman that, after several successive severe illnesses, she had 
Buffered much after her last confinement ; at this her appetite hod entirely 
foiled her, and she had hved for many weeks on nothing but brandy and 
vrater. A surgeon at Wavertree ' ottended a young man with hypertrophy 
and patulous valves of the heart, from September 2-1, 1855, to April 26, 
1860. For the last five years no animal food would remain on his stom- 
ach, and farinaceous food be would seldom take. In the first two years 
brandy was the principal nutriment he subsisted on, as nothing else would 
remain on the stomach. Subsequently he lived upon this same beverage. 
His allowance first was six ounces of brandy, but it was gradually increased 
to ft pint a day ; he kept his flesh and good spirits nearly to the last. Dur- 
ing me last two years he was dropsical, and he died at the age of twenty- 
five. ' Mr. Nisbet, of Egremont, communicated to Dr. Inman the case of a 
man in the middle class of life, who eubsisted for seven months entirely on 
spirit and water ; ' be waa apparently in good health and good condition.' " 
The same medical practitioner reports tbe cose of a child affected with 
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marasmus, wlio subsisted for three months on sweet whistej ancl wat«r 
nloue, and recoveretl ; and that of another child, who lived entirely upon 
Scotch ale for a fortnight, and tlien recovered hia appetite for common 
things. Dr. Inman liimself " had a lady patient who was several times on 
the verge of delirium, tremens, and he gained an intimate knowledge of her 
habits from personid observation, from the reports of her husband, of mu- 
■ tirnl frieudn occasionally residing in the house with her, of her mother, of 
her sisters, and of her nurse. Bhe vras about twen^-five years of ago, 
handsome, florid, and embonpoint, of very active habits, yet withal of a deli- 
rate constitution,^ being soon knocked up. This lady had two large and 
healthy children in succession, whom she successfully nursed. On each 
occasion she became much exhaust«d, the appetito wholly foiled, and she 
was compelled to live solely on bitter ale and bi-andy and water ; on this 
regimen she kept itp her good looks, her activity, and her nm'sing, and 
went on this way for about twelve months ; the nervous system was by thia 
time thoroughly exhausted, yet there was no emaciution, nor was there en- 
tire prostration of muscular power." Among my own patieuts I was onc« 
called upon to treat a young man who was threatened with delirium tr&- 
mens. He assured me that for three weeks he had lived on nothing but 
whiskey and water, taking between forty and fifty glasses of the mixture 
each day. He had not lost flesh during this time, but his nervous system 
was much exliausted, and he could not sleep. He rapidly recovered, and 
I never saw him again. 

The following table, from Anstie's work on Stimulants and Narcotic^ 
will be found interesting in this connection 
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Observations like these render it impossible to deny the nutritive valot 
of alcohol It is not correct to say that alcohol is merely useful as a meaU _ 
of preventing the waste of pre-existing tissue. No substance can thus for ' 
years Biipj)ly the place of the greater part of ordinary food without being 
really capable of aHsimilatlou by the tissues. At the same time the history 
of idl such cases indicates the insufficiency of such a diet Though toB 
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subjects of such a mode of living may preserve tlieir bulk, like Falstaff and 
tlie brewer's drayman, they all, nt length, exliibit the phenomena of slow 
etorvation. They become sleepless and the prey of haliucinationB. Mus- 
cular weakness and muscular trenioi's, irregular action of the heart, nau- 
sea, loathing of food, a filthy taste in the mouth, constipated bowels, 
neuralgia, vertigo — finally, fever and delirium of on asthenic type — all mark 
the uncompensated process of tiseue-wast« which is the inevitable result of 
a restricted diet. 

Having thus concluded that alcohol is a substance which can be al>- 
sorbcd and assimilated by the tissues, contributing in moderation to their 
proper nutrition, but capable, if used in excess, of hindering their normal 
luucUon and of producing the phenomena of starvation, it now remains for 
us to examine the nature of the disturbances which result from the pres- 
ence of an excess of alcohol in the blood and in the tissues. These dis- 
turbances involve the functions of sensation, reflex action, and voluntary 
motion. The motor derangements involve not merely the )x>wer of loco- 
motion, but they extend also to the movements of respiration, circidation, 
secretion, and the distribution of heat Obviously these disturbances occur 
in proportion to the amount of alcohol that is taken into the blood. In 
this respect the efl'ects of alcohol are produced just as tlie effects of other 
aniesthetic eubstances are brought about. The principal difference between 
the aniesthesia of alcohol and the aniesthesia which follows the inhalation 
of ether or of other stupefying vapors consists in the length of time that is 
necessary for its induction. The absorption of an alcohohc liquid from 
the stomach requires much more time than is needed for the absorption 
of a sufficient quantity of chloroform vapor through the membranes of the 
lungs, Alcohohc intoxication, therefore, proceeds at a slower pace than 
ethereal intoxication. Its several stages are, consequently, extended over 
a much longer period of time — a circumstance which greatly facilitates the 
observation of its different phenomena. 

The ordinary immediate effect of moderate and repeated doses of well- 
diluted alcohol is the production of an agreeable sensation of gentle 
warmth in the stomach. This is soon followed by a feeling of general 
well-being. Any moderately ])ainful sensation or lack of jiei-fect comfort 
is relieved. The Secretion of sahva and of perspiration is increased, 
though sometimes the akin and tlie mouth become dry and hot. This 
increase of the sahvary secretion ia a port of the general secretory excite- 
ment that ia now aroused. The skin becomes suffused with blood, the 
arteries till more completely, and, if tlie dose ia considerable in quantity, 
they may throb violently. The heart beats more i-apidly, and with greater 
■vigor at first. Respiration is quickened. The eyes aliine, in consequence 
of the increased activity of the lachrymal glands. The conjunctiviu be- 
come injected. The pupils ai'e somewhat contracted. The muscular sys- 
tem everywhere becomes excited. The iudiWdual experiences a desire for 
movement and change of place. If youthful, he feels disposed to run, to 
dance, tcrfight. If not inclined to such exercise of the locomotive appara- 
tus, he gives full scope to the muscles of the tongue, and indulges in the 
most loquacious hilarity. The brain becomes an early participant in the 
tteneral exaltation of function. The senses ore for a Uttle time exulted. 
Perception becomes more vii-id. Ideas flow with the utmost ease. All the 
intellectual faculties are aroused. The emotions and the passions are also 
intensified. Tears flow upon the slightest provocation, and they may al- 
ternate with the moat joyous bursts of laughter. Sometimes — especially 
after wine — the amative passions are greatly stimulated, hurrying their 
IG 
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Tictim thi'ough oil tlie phases of Besiinl appetite. The JommBut chi 
teristice of the indrndual make themHelyee conspicuous. The I'estraintB o 
reason, conscience, prudeuce, timidity, habit, ediicatiou and association ore 
all thrown off, and the patient becomes, at length, actually beside himself. 
He is drunk and temporarily insane. Sometimes, instead of this exhibi- 
tion of Wvacity, the tippler becomes sedate and reserved. His self-con- 
BciousnetJH becomes esalted, and hie powers of self-control are actually en- 
larged. Instead of becoming sentimentjU and garrulous, he seems more. 
thoroughly himself, and can converse or carry on business with greater 
appearance of intelligence than ever. But. the final narcosis is the same. 
If the ingestion of alcohol is allowed to proceed, the sensitiveiiess of the 
cutaneous nerves decreases. The power of co-ordination is diminished. 
The patient staggers as he walks. His articulation becomes thick and 
confused. Speech gi'ows less rational, and may be varied with sudden 
ejaculatory outbreaks. All voluntaip" motion becomes, at length, impos- 
sible. The tui-gid features lose their power of expression. Articulation 
censes. All the senses are abolished. Tlie patient hes, dead-drmik, in 
whatever position he may have fallen. He is stertorous, comatose, com- 
pletely aniesthetic. 

The amount of alcohol that is necessary to elTect micb a catastrophe 
varies with each individual The condition of the patient relative to food, 
and the time of day, exercise a very considerable innuence upon the nctioii 
of olcohoL As a general rule, a person who takes a certain quantity of 
olcohohc drink upon an empty stonuich, in the early part of the day, \nSLm 
experience a more rapid and more considerable result than if the eami^fl 
amount were taken after a hearty meal. Tliis, doubtless, Is owing to tll^f 
fact that absorption of liquids from the empty stomach of a fasting persofli^ 
is much more speedily accomplished than it can be when the blood and 
the tissues are already parti^ly satiated. The activity of the excretory 
organs, also, exercises a profoundly modifying influence upon the degree of 
tolerance which may be exhibited by the tlrmker. As we sometimeB dis- 
cover great tolerance of poisons, due to the rapidity with which th«y are 
ehmiuftted through the kidneys or tlirough the bowels, so we not unfre- 
queutly meet with "hard heads " whose superior sobriety is to be referred 
to the vivacity of their kidneys rather than to the soUdity of their brains. 

The duration of the state of profound intoxication is exceedingly varia- 
ble : it depends largely upon the quantity of alcohol that was drank before 
the access of aniesthesia. The respiration falls, even below the nonnal 
standard of frequence, though the inspirations are deepened. The heart 
beats with less energy, consequently the pulse is small and rapid. The 
temperature of the body falls. The surface is bedewed with a. cold, clammy 
perspiration. Sometimes there is vomiting and relaxation of the bowels. 
At length, a gradual return toward the original standard of function be- 
comes apparent The drunkard awakens heavily, then relapses again into 
slumber. Finally he ai'ouses himself to a condition of confused conscious- 
ness, with a dull, distressing headache, and general incapacity for Elaborate 
intellectual activity. He is slightly feverish, the tongue is coated, the 
breath is oQensive, there is loss of appetite, nau.sea, perhaps a certain de- 
^e of epigastric tenderness, and a feeling of muscular weakness. There 
IS, in fact, a low grade of acute gastric inflammation, which may consider- 
ably retard convalescence. 

In eases of death from alcoholic poisoning, if a large quantity of alcohol 
has been taken at once, as sometimes happens when men drink raw bnmdy 

whiskey by the bottleful on a wager, the stage of exhilaration is either m 
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greatly Bhortened or is nbsent altogethei-. Cliildren Iiuve Rometimea Ijern 
murdereil in this way. yailors and nifBiiua loDg deprived of liquor iLive, in 
cases of sliipwreck or disaster, draok tLemselven to deatb as a consequence 
of gaiiiing accesa to an uulimitetl supply of strong drink. Sucli indi- 
viduals pass almost immediately into a condition of coma, like that de- 
, Bcribed above. Convulsions are sometimes developed, especially in young 
children. There may be hemorrhage from the stotnacli or fi'om the bowels. 
The temperature aiiiks astoniahingly. The pupils, previously contracted, 
become widely dilated. The akin becomes cyanotic — in old topers it may 
even become acutely gangrenous, as sometimes happens duiing the col- 
lapse of cholera. Hespiratiou becomes feeble, intermittent, and finally 
ceases altogetlier. Tlie pulse becomes excessively feeble, but usually pei"- 
sistH longer than respiration. The heart is the last to die. 

Proceeding now to the analysis of these symptoms which chai'at.iterize 
the various stages of olcohoUc poisoning, from the commencement of ex- 
altation to the termination of hfe, we shall find that they all depend upon 
one piimitive cause — the paralyzing energy of alcohol when brought in con- 
tact with Hviiig protoplasm. All forma of protojilasm — vegetable as well 
as animal — ore in like manner afiected by this substance. The action of 
the yeast-fungua is suspended when the fluid in which it vegetates contains 
twenty per cent or more of alcohol. The couceutrated \-apor of alcohol 
arrests the growth of ordinary plants ; it also depresses the vital manifes- 
tations of animal tissues, and may even desti-oy their life, if sufficiently con- 
centi'ated. 

This depressing influence of alcohol la its pecuhor and cJiaracterislic 
action upon living tisBuea. It is a special influence, to be couaidei'ed sepa- 
rately and apart from its purely phj'sical effect upon the sensitive nen'e- 
elementa with wliicli it is brought in contact at the instant of ajiplicatiou 
to the esternol or internal surfaces of the body. The burning sensation 
which is experienced when strong alcohol is aw^owed or is apphed to tlie 
delicate cutjineous surfacea near the orifices of the body, ia due to the sen- 
sory commotion that may be eseited by sudden abstraction of water from 
the nerve- endings, and by their consequent partial coagidation. Buch a 
cJionge cannot be suddenly effected wiUiout a great change in the modes 
and distribution of motion throughout the affected territory. Conveyed by 
the sensitive nerves to the cerebral sensorium, the efiects of such agitation 
declare themselves in consciousness luider the form of pain. We say that 
the alcohol bums in the mouth or in the stomach. But tliia primitive 
physical agitation is soon followed by a diminution of movement in the 
]>art, and to the painful sensation succeeds the specific action of alcohoL 
if Wgely diluted at first, the mechanico-physical eftect may be very trifliug, 
and the specific effects are the only features of the case that become notice- 
able. The tissues with which alcohol is firet brought into relation aft«r 
its absorption from the stomach exist in the walls of the blood-vessels. It 
is in the smallest arteries and in the capillaries that this relation is most in- 
timate, and tliat its effects aie most conspicuous. This foUon's as a neces- 
sary consequence of the fact that the smaller the iliameter of a tube the 
greater the relative area of the aiu-face that Umits lt« contents. The smaller 
vessels — the arterioles — are furnished with a muscular coat which renders 
tliem capable of exhibiting considerable variation in their diameter. This 
muscular coat is also placed under the control of the nervous system in u 
way which renders it peculiarly adapted to illusti-ate the effects of any dis- 
turbance of the nerves of the body, Tliis vascular nervous apparatus con- 
stitutes the well-known vaso-motor uei-vous mechanism about which so 
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much Itas 1>een written. A brief review of the piesest state of knowledge 
regartUng the vaso-niolor nerves may be found useful as ft means of render^ 
ing intelligible the Action of alcohol and of other ansesthetica upon the ax- 
dilation. 

In tlie walls of the Bmaller blood-vessels, upon the vflBcuLir nerves near 
their tei-minations, esist a great number of minute collections of nervouB 
matter, apparently identical with Uie nerve-cells which are discoTered in 
the largei' ganglia of the sympathetic nervous system. These microscopi- 
cal gongha ore found at the crossings of the filaments of the nervous net- 
work which enmeshes and interpenetrates the wall of the vascular conaL 
They are thus in communication with each other, very much as the knotfl 
in a net are connected together by the cord which forms the knot and the 
meah. This net-work of nervous filaments forms at the external surface of 
the blood-vessel a plexus — called the fundamental plexus — which is con- 
nected by appropriate fibres of communication with the central ganglia of 
the sympathetic. Beneath this plexus, but intimately connected with it, 
lies the intermediate plexus, constituted essentially like the first, bijt 
more immediately in relation with the bundles of muscular fibres in the 
walls of the vessel Finally, within the muscular layer itself, lies the third 
and deepest plexus, called the intramuscular plexus. This is the termi- 
nal neiTOus net-work which connects the muscular apparatus with the ner- 
vous system. Various modes of connection between the filaments of Uis 
intramuscular plexus and the muscular fibres have been described. Some 
have thought that the terminal nervous fibrils penetrated tlie rauscolar 
cells and joined themselves to the nucleoU or to the nuclei. Others hare 
believed that these terminal fibrils simply run between tlie muscle-cell^ 
without becoming attached to their substance. Bonner has recent^ 
{Comptea Beiulua dc I'Acad. des Sciences, p. 1142, 1878) described the mode 
of tiOTmination of tlie intramuscular ner^'es of a species of snail {Sfiix 
prtmatia), in which the muscles, though voluntary, ore non-Rtriated. Jn 
this creature each ultimate nervous fibril terminates in a "motor spot" 
upon the surface of each muscular cell, forming an exceedingly dehcate 
teiiuinal arborization analogous to that which exists at the nerve-ending 
upon the surface of the striated muscular fibres of the higher animals. 
This indicates what may be considered as true of everi' muscular element, 
that it is in dii-ect motor continuity ii-ith the motor centres of the nervous 
syutem. It is, moreover, certain that the gangha of the vascular plexuses 
oi'ii capable of receiving impulses from the higher gangha in the sympa- 
thetic chain, in the cord, or even in the brain. They appear, also, to 
have sensitive prolongations which extend to the supei-ficiol endothelium 
lining the canal of the blood-vessel By virtue of Uiese connections, the 
ganglia of the vascular plexus may become the seat of reflex actions by 
which the musculature of the blood-vessel shall be regulated. According 
to this view, each little gangUon is in communication with at least three sets 
of nervous conductors : motor fibrils which lead directly from the gan- 
glion to the muscle-cells ; sensory fibrils which pass from the lining ol 
the canal of the blood-vessel to the ganglion ; and thirdly, a more or less 
continuous pathway of conduction between the peripheral ganglion and 
tlie highest ner^e-centrea in the brain. Cerebral or spinal disturbances of 
motor nervous substance may be thus ti-ansmitted to the peripheral tubo- 
niotor ganglia, exciting in them a process by which the muscular fibres of 
the vessels may be either relaxed or thrown into a state of contraction. 
This may be termed a centrifugal refiex process. Or, the nervous excite- 
ment may originate upon the surface of the lining membrane of the vcft-— 
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■eL The irritation of the recipient (sensitive) nervous fibril thus ftroused 
irill tntvel in a centripetal direction until the con-espontling ganghon is 
reached. Here may be produced another reflex trauaformation of mo- 
tion by which the vascular muscular cells shall be thrown into a condition 
eitlier of contraction or of relasation, without the intervention of the ceu- 
tral ner\'ou8 apparatus. This woulil constitute an ordinary centripetal reflex 
action, entirely aualogous to the usual cerebro-Hpinal reflex processes. 

That the condition of the musctilar apparatus throughout the body is 
dependent upon the integrity and the character of its relations witlt the 
nervous system is very well shown by a few familiar experiments. If we 
fixamine a living frog while at rest, we shall find all his muscles in a state 
of persistent, uniform contraction. By this ionic contraction the attitude 
of tlie ammal is preserved. If now a wire be thrust down the whole length 
of the cerebro-spinal canal, so as to break up and destroy the brain and the 
spinal cord^ every muscle in the body and limbs of the creature will become 
iustantaneously relaxed, as if their life had ceased. This effect is not the 
result of any direct injury to the muscular apparatus ; it is due to the 
Brrest of that tonic influence which, in the perfect hving animal, is continu- 
ally radiating from the central nervous motor gangUa to the muscles. In 
like manner the muscular tunic of the arterioles is innervated by its nervous 
oonuection with the sympathetic system. 

We are now in a position to comprehend the manner In which alcohol 
affects the ch-culation of the blood. Aa soon as it mingles with the blood-cur- 
rent it necessarily comes in contact with the vasculiir walls. Whether its 
effect upon the primary reflex ai-c within the coats of the vessel is in the way of 
an increase of motion over the arc, con hardly be said to have yet been de- 
eded by experiment. Theoretically and analogically, from the fact that the 
contact of alcohol with the sensitive nerve-endings in direct connection with 
the cerebro-spinal centres is productive of pain — which ordinarily is i-eferable 
to on exaggeration of motion — we may infer that the initial effect is an in- 
crease of motion. This would imply an increased action of the vascular mus- 
cles — a contraction of the muscular coats^a diminished diameter of the ves- 
sels — on increased arterial pressure. The subjoined spbygmographic tracing 
iodicutes the same thing. This result, however, canonlybeof very short dura- 
tion, for to the mechanico -physical effect of the alcohol must almost imme- 
diately succeed the chemico-anitsthetic effect of the drug. Each little re- 
cipient (sensory) nerve-fibril that is bathed with iilcohohc blood becomes 
THpidly paretic — incapable of suflicieutly transmitting impulses to the gunglia 
of the intramural plexus. By difl'uaion, also, the alcohol penetrates to the 
ganglia themselves, and paralyzes each cell, each individual molecule of 
nervous matter. The muscular fibres in the vascular walls must necessarily 
follow suit, exactly as if the voso-motor nerves bad been cut or destroyed 
hy tlie knife of the experimenter. Vascular relaxation everywhere exists, 
in connection ivith diminished cardiac vigor, witli great consequent diminu- 
tion of the arterial pressure. The following spbygmographic observations 
illustrate the alteraGons thus effected : 

Experiment I. — The foUovring tracing was taken from the radial artery 
of a healthy young man, aged tweiih'-oue years : 



L 



He then draiik thirty-two c.c. of alcohol, diluted vith one hundred and 
thirty c.c. of water, and at 11.05 A.U., he felt dizzy. The following tracings 
were immediately taken : 




He then drank another potion equal to the preceding, and at 11, 1'i *.m. 
the foUowiue traeiufi was obtained. 



The patient felt numb, and did not experience mucli pain ivbeu pinched. 
At 11.15 the pulse was thus represented ; 
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forty-eiglit c.c. of alcohol, diluted with double tlmt quantity of water, ao'l 
W!iH immedi^fclv cnll'ip^pd. The last traom,[i\raH takon r.t 11.20 




It was impoasible nfter this to obtain aa intelligible tracing, on account 
of the weakness of the pulse. The patient vomited and soon fell asleep, 
and slept soundly until 6 p.u., when he awoke feeling " as if he bad been 
on a spree." At 8.30 p.m. his pulae jruve the following: 



I 



The firat coneeiiueuue of arterial relasatiou la an iiieroaaed flow of blood 
into the capillary net-works of the body. The heart is the first of the mo- 
tive mechaniama to feel the advantages of an increased supply of blood. 
Ita nervous ganglia and its muscular tissues are roused to increased activ- 
ity under the impulse of this more copious irrigation with the nutritive 
current of the blood. The heart beats at first with gTeat^r vigor. By 
this activity of the central organ a larger supply of blood is forced into the 
relaxed arteries. A larger supply of blood in like manner is admitted to 
the medulla oblongata, by which the respiratory procesHee are stimulated. 
The general hyperiemia involves the spinal cord, which immediately begins 
to dispense locomotive force in every direction. Hence the disposition to 
motion that is so characteristic of the early stages of alcoholic excitement. 
The brain is also invaded by the rising flood. Its vessels dilate, and the 
cortical capillaries are crowded with blood. An increased function of the 
oetrebrum is the immediate consequence, All the intellectual functions 
ara increased iu %igor. Ideas rise and follow each other with wonderful 
vivacity and rapidity. The sensory apparatus also shares in the imiversal 
exaltation, Sensation is heightened. Perception becomes more vivid. 
Beflex action is more easily performed. Secretion is stimulated. The sah- 
Toiy glands pour out a larger quantity of saliva. Under the influence of a 
modemte quantity of alcohol the peptic glands increase their product. The 
Bomo thing is true of the entire glandular apparatus connected with the aU- 
in«utai7 canal. The perspiration is notably increased. This general state 
of gUndolor activity may very well be occasioned by the quickened circula- 
tion of the blood alone ; but, if the intervention of the nervous system in 
the act of secretion must be taken into the account, we can refer this gland- 
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ular excitation to the Btimulfttion of tlie ceDtnU origioa of the secretory 
nerves. Tbey must neceBBorily participate in the general distribution at 
motion by the nervous motor centres which has been aroused by the in- 
creased circulation of the blood. The temperature of the surface of the 
body is elevated by the ittcreaeed cutaneous circulation, though the general 
temperature is not yet materially affected. 

Such, then, are tlie results of alcohohc paresis of the muscular walls of the 
blood-vessels. So far the consequences in any particular locality do not 
differ from the effects which would follow any mechanical interruption of 
the vftso-motor imiervntion of the part The vaso-motor paresis after alco- 
hol, however, is universal, involving every portion of the body in a manner 
which can only be effected by an agent which can act upon all ports at 
once — that is, an agent which operates through the medium of the blood. 
If the quantity of alcohol mingled with the blood be relatively small, these 
effects of increased circulation may be the only noticeable conseqiiencea 
But ordinarily the secondary effects of alcohol become equally conspicuous 
with the primary. As it finds its way to the higher nervous mechanismi 
outside of the walls of the blood-vesBels, it begins to reduce their energy, 
as it has already overcome the nen'ous ganglia within the vascular walls. 
The sensory ner^'ous organs yield first ; then reflex energj- diminishes ; the 
power of muscular co-ordination follows ; cerebral sensation and perception 
diminish ; voluntarj'motionbecomesincreasingly difficult; secretion^ — nota- 
bly that of carbonic anhydride — diminishes ; the bodily temperature falls ; 
and all these failing functions grow less and less until complete loss of sen- 
sation and voluntary motion is apparent If the quantity of alcohol thai 
lias been ingested surpasses a certain amount, relative to the tissues, tba 
functions of respiration and of circulation cease at length, and the victim 
is dead- 
Death, as a result of acute alcoholic poisoning, is produced by parnlysia 
of the respiratory centres in the medulla oblongata If an animal be thm 
poisoned, tlie heart will yet be found in motion, when the thorax is opened, 
after the cessation of all respiratory movements. The pulsations of the 
heart, notwithstanding their persistence, are greatly enfeebled long before 
the cessation of life. This — Uke the relaxation of the ai'terioles — is the 
direct consequence of the effect of alcohol upon the cardiac structure, both 
nervous and muscular. It is also in part the cause of the great diminution 
of arterial pressure throughout the body, and is the principal cause of the 
accumulation of blood in the venous portion of the circulatory system. 
To this is due the cyanotic complexion of profound intoxication. As an 
example of this great diminution of pressure, Binz tells us (" Beal-Encyc 
der gesammten Heilliunde," voL i., p. 191) that he has seen the pressure, in 
the larger arteries of a dog, which normally equals 150 — 170 mm. of mer- 
cury, fall OB low as 70 mm, after intoxication with alcohol To the same 
author we are indebted for several remarkable illustrations of t^je manner 
in which the bodily temperature may be depressed during drunkenness. 
This depression is particularly exaggerated w-hen a low temperature of the 
external air co-operates with the depressing influence of alcohol upon the 
liberation of heat within the body. A drunkard, thirty-four years of age^ 
who had lain in the snow during a part of a night in February, on beii^[ 
carried to a hospital, exhibite<l a rectal temperature of 24" (75.2° F.). 
Ten hours later it was only 32.6^ (90° F.), and twenty-four hours elapsed 
before the normal temperature was recovered. This remarkable heat-de- 
pressing energy of alcohol, when taken in large doses, explains the mode of 
action of this substance in fevers with a high temperature. In many of 
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these diseasea, it forms a much more convenient and profitable depressor ^M 
o£ the temperature than quinine, Binz htis given {loc, cit. ) a very iuterest- ^M 
ing diagrum, illuEtrating the effect of alcohol upon the temperature of a ^H 
dog which was sufTeriDg with Beptic fever produced by inoculation. Two ^H 
animals were subjected to inoculation. One of them was treated with ^| 
alcohol, the other was left to the natural course of the disense. The fol- H 
lowing chart exhibits the temperature-curves of the two animals ; ^H 

rim D.y. B«»D.I D.J. ^| 
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TjelinesAAandJJeshibit the course of temperature durinj; the par 
o davB in which the animals were uniler observation. JJ belongs t 
nimal which was left to die without medication. The stars on the lin 
■epresent the time of administration of alcohol On each occasion te 
c centitnetres of absolute alcohol, well diluted -with water, were intrc 
d through an cpsophageal tube into the stomach. The effect ujw 
empernture was very marked, and resulted in the recovery of the an 
This corresponds 'with what is so often witnessed in the treatment c 
8. Large doses of quinine may depress the temperature, but it soo 
again. But, if alcohol lie given with the quinine, the depression 
durable. The favorable clTecte of whiskey, or any other alcohoh 
rage, at the outset of an intermittent fever, are well known. In orde 

a liberal hand. To an ordinary adult the dose should be not les 
forty-grammes (alwut three tablesponnfuls) of pure alcohol. 
""or the purposes of this (Uscussion it is not necessarj- to enter upon 
deration of the phenomena and course of chronic alcoholism. Certai 
bral symptoms, which are sometimes manifested as a consequence c 
e alcoholic poisoning, should not be allowed to pasa without notict 
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First of these may bs noted the convulaioDs which may occur, especially in 
the case of children who have I'eceived a poiaonoua dose of the drug. 
Taylor, in his work on FoisouB, relates the following cases : " A boy, i^eil 
five years, swalloweii a large quantity of brandy. Vomiting speedily fol- 
lowed, and he passed a restless night In the moroing it was observed 
that he lia<I trembling of the ImuLhi, and tlmt ho could not hold a cup 
6t«a<lily. Convulsions with eriim|)s ensued. The pulse was slow, the 
look timid, the pupil dilated, and the face pale. Delirium supervened, 
and there was difliculty of passing ui'iiie, with great tlm-st. Under treat- 
ment the symptoms abated, but there was a return of the trembling to- 
ward evening. An opiate was given, and the s^-mptoma disappeared. . - -. 
The smallest quantity known to have proved fatal was iu the cose of a boy 
aged seveu years, who swallowed two wineglassfuls of brandy (between 
three and four ounces). Soon afterward he was observed to stagger ; he 
was sent to bed, and vomited violently. There was then a remission of 
the symptoms. He got up and sat by the fire ; his head, face and neck 
were very red, and he was in a profuse perspiration. Half an hour after- 
ward he was found perfectly insensible, »lr<mgl\f t-'j^iviilaed, and the skin 
cold. He died in about thirty hours." Woodman and Tidy, in their work 
on "Forensic Medicine and Toxicology" (p. 43}, have collected several 
COBCB of convulsions occurring in children after poisonous doses of alcoboL 

Male, aged seven years. H.ilf & pint of gin. Syviptouis. — Complete 
insensibihty in hnlf an hour ; pupils contracted ; no delirium ; injection of 
conjunctiva^ ; convulniong ; death. Bendt. — Death in sixty-seven bonis 
and a hulf. Poxt-mortem. — No particular poat-mort«m appearances, ex- _ 
cept that all parts seemed dij ; no odor of the spirit observable.— Dr. J 
Chowne : Lancel, p. 231, May 4, 1839. I 

Male, aged thriee years. A quartern of rum and about 5 ij- of &^ 1 
i^i/ni^oms.'— Insensibility set in in ten minutes ; no stertor i pupils im- 
mensely contracted ; bee flushed (emetics were given) ; after a short time 
the pupils became dilated ; coiivuiaioiis ttet in, and death. lieguU. — Death 
in two bourn, rost-mortem in eighteen hours. Mucous membrane of the 
stomach injected. Lungs congested. Left side of heart full. Blood fluid. 
Brain and membranes intensely congested. — Dr. Rose : Med. Times and 
Gaz.. p. 236. September 8. ]860. 

As s result of chronic alcoholism it is not a very uncommon thing to 
encounter cases of epileptiform convulsions, or of apoplectic seizures. 
Hemiamcsthesia extending to the organs of special sense, and paralysis of 
motion, together with other symptoms of profound central disease of the 
nervous centi'ee, may exist iu these cases ; but their discussion must be 
omitted here, as we are only concerned with the phenomena of acute, tem- 
porary, alcoholic intoxication. The convulsions which are ohserved as a 
result of this intoxication occur almost exclusively in young children, or in 
susceptible females who have not yet fully emerged from the infantile con- 
dition. It appears to be not the result of any direct irritant aclion of alco- 
hol upon the convidsive centres in the brain, but rather it is the resultof an 
asphyxiated condition of those centres. The blood tends to accumulate in the 
venous capillaries and in the veins of the body. The respiratory centres and 
the neighboring convulsive centres receive, therefore, ii deficient supply of 
blood, and convulsionsarebable to ensue. They probably would alwaysoccur 
if the appropriate centres were always as sensitive to the withdrawal of oxy- 
genated blood as they are iu a large number of young children. The same 
causes, doubtless, contribute to the changes in the diameter of tlie pupil 
-which may be noticed during the course of intoxication. During the earlier 
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stageti of alcob-olic influence, as a direct coiiBequenue of the action of alcohol 
upon the carotid plexua, the control ordinarily exerciaed by the sympathetic 
fibres over the iris is diminiBhed. As a consequence of the increased cerehral 
circuliitiou that ia produced by the sanie process, the energy that is dia- 
penaed by the nuclei of origin of the motor tx-uli uen'es ia considerably in- 
creased, Thia disturbance of equilibrium cauaes conti-actxou of the jjupila. 
But, as the proceuH of atu[>efaction becomes iutensLtied, and the brain-sub- 
stance actuiuly begins to die, the scale is at length tui'ned in the opposite 
direction, and tlie slower dissolution of the sympathetic nerve gives it once 
, more the upper hand. The pupil becomes, then, widely dilated, just as it 
does before death fa'om injuries and compression of Uie braui. It ia a 
matter of cUnical obaervatiou that patients in a condition of alcoholic coma 
are more likely to recover if their pupils are contracted than if they are in 
a condition of wide dilatation. 

In order to arrive nt a clear underatanding of the laauner in which tlie 
functions of the cerebro-apinal nervous syatem are pert'erted and finally 
overpowered by alcohol, it is desirable to remember that the elements of 
the so-called sensory tract ore probably more easily disturbed than tlie 
elements of the motor tract, so that a coarse impression mode upon the 
body at large acts upon the sensory nerves to produce reflex motion rather 
than upon the motor nen'es to produce direct movement without the in- 
tervention of the recipient nen-ous apparatus. In other words, the motor 
nuclei which form so large a portion of the anterior gi-ay columns are more 
easily aroused through the medium of tlie poaterior sensory colunina. or by 
ueaaa of impressions which have traversed the higher senaoiy centres, than 
by any direct irritation of the motor tract itself. 

As a consequence of thia aiTongeraent, it is in the sensory territory that 
we first observe the eOects of alcohol. The initial hypenesthesia — brief 
and ordinarily overlooked^which is caused by the first rush of blood into 
the sensory centres as the arterial walls relax under the influence of alco- 
hol, having disappeared, the centres for tlie reception of sensory imprea- 
mooB begin to lose their susceptibility. The tactile sense and the muscu- 
lar sense are usually the first to yield. Muscular co-ordination becomes 
- difGcult, and, finally, impossible. The patient ataggera and falls to the 
ground. The posterior extremities give way before the anterior, appar- 
ently because of the great numlwr and complexity of the muscular co-ordi- 
nationa that are ueceasary for the preservation of the upright position, anil 
because the lower segments of the cord, by reason of their peculiar arterial 
relations, suffer from anreraia more severely than the upper when bloo<l- 
preaaure ia diminished. Cutaneous sensibility diminialiea at the aome time. 
The aenae of pain becomes greatly diminished — even before the cerebro- 
apinal motor centres give aigns of failing enei'gy. Thia fact is the cause of 
a diminution of reflex action while voluntary motor power ia atill in astat« 
of exaltation. 

Extending our examination to the brain, we find in that organ a vast 
complexity of organization. Beaidea the aimple structures devoted to the 
reception and distribution of ordinary impressions, we discover certain 
highly organized centrea diSereutlated for ttie reception of special imprea- 
sions derived from the organs of apecial aenae. Above these lie the cere- 
bral heniispheres and the cerebellum. In the cortical substance of these 
organs lie the highest centrea of receptivity, and the primary organs of 
voluntAry motor impulse. Aa a result of the impreaaiona which are ro- 
ceired, and the impulaea which arise in this re^on, consciouaneaa is arouaed 
with each agitation of the cellular elementa of the gray matter upon the 
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surface of the brain. 'With each materia! atjitation in this portion of space 
an idea ie projected upon the corresponding field of conBciotisnesa. Thi« 
is the groimdwork of thought — the condition of intelligent life. Aa the 
structure of the brain increaseB in complexity and in the multiplicity of Ha 
elements, so will the multiphcity and the complexity of ideas be enlarged 
in the Geld of coneciousnesa. This origination of ideas does not seem to 
be the special function of any single portion of the brain. It eeems to ac- 
company certain particular modes of motion in the cellular structure of any 
part of the cerebral cortex. That it does not accompany every molecul^ 
motion is indicated by the fact that in deep sleep, or in a condition of com- . 
plete artificial anffistbesia, the production of ideas is arrested, notwith- 
standing the persistence of life and all its -vegetative functions in the cere- 
bral cell. That the generation of ideas is largely dependent upon the 
cu'culntion of the blood is proved by the fact that within certain limits an 
increased rate of circulation increases the activity of the intellect This, 
however, is not the only cause of increased cerebral activi^, A sudden 
intellectual stimulus of any kind may arouse the brain ; but it is aoon 
followed by an increased afflux of blood to the seat of activity, so that it 
still remains true that intellectual processes are largely dependent upon 
the state of the cerebral circulation. 

From anatomical study of the brain we learn that certain portions of 
its cortical substance are more intimately connected than other portions 
with the external organs of special sense. Other territories, notably the 
disti'icts bordering the fissure of Bolando, are directly connected with the 
motor gangha and the motor apparatus below the cerebrum. Here we have 
a diETerentiation of substance analogous to what exists in the gray matter 
of tlie cord. The white substance of the brain, like that of the cord, is 
made up of conducting fibres which serve to connect with each other the 
different areas of gray niatter in the cortex, binding together the different 
parts of the same convolution, the different convolutions, the opposite 
hemispheres, the superficial and the basal portions of the gray matter of 
the brain. Each cell is thus brought into a circle of communication, more 
or less direct, with every other cell in the body, and is thus rendered liable 
to impressions derived from a multitude of sources. Ideas may thus arise, 
in connection with the activity of the cerebral cells, without Uie interven- 
tion of impressions from without the body. Upon the quahty of the con- 
nection between the cerebral cells and the organs exterior to the brain, 
and upon the pertection of the connections between the cerebral cells 
themselves, depends the perfection of the generation of ideas and the com- 
pleteness of the association of ideas originating under different conditions 
in different portions of the brain. An impression, transmitted from the 
eye, for example, to the visual centres in the cortex of the brain, excites at 
that point the production of the material conditions for the generation of 
visual ideas. The movements which have thus originated the idea of a 
visual object are not limited to that single result alone. They are trans- 
mitted by the appropriate conductors to other cerebral cells, whei-e. In ac- 
cordance with the structural pecuharities .by which these elements axe 
differentiated, they act as incitements to motion, or as originators of the 
conditions which produce new ideas in the realm of consciousness. Thus, 
one idea begets other ideas and associates itself with them to form harmo- 
nious thought By this delicate mechanism any great increase of the cell- 
functions which at any portion of the brain serve as conditions for the 
production of ideas must necessarily quicken the production of ideas at 
other points in the cerebral substance. Ideas are thus produced, recalled. 
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ftnd aasociated viiQi greateT rapidltj- and viTidnesa. Ibis in the cause of 
that intellectual exoltntion which foUowB as the itumediate result of that 
first rush of blood to the brain when the ai'teries relax, oud the heart pul- 
sates with temporary increase of rigor, uuder the paralyzing influence ex- 
erted by alcohol upon the arterial coats. 

But, as soon as alcohol has thus penetrated the structure of the brain, 
it begins to manifest upon its cells and its conductors the same depressing 
influence which it first displayed among the arterial elements. The sensory 
cells and fibrils sufler first Impressions of sense become less perfect and 
less numerous. The conductors which associate the cUfierent ceUs can no 
longer perform their functions with precision. Like a skein of telephonic 
wires swayed by the wind, or relaxed by excessiTe heat, bo that they inter- 
fere '^vith each other, bringing to the ear a confused jangle of half intelli- 
gible sounds, BO the precision of the cerebral functions is disturbed, and 
the field of consciousness is occupied with imperfect and disproportionate 
ideas, which may, nevertheless, crowd after each other with a rapidity that 
defies all possibility of attention and logical combination in thought In 
the earlier stages of alcohohc excitement, the reflex functions of me cere- 
brum may share in tlie general reflex exaltation of the ner^'ous system. 
In the healthy, natural state of the brain this entire cortical reflex appara- 
tus is under the control of the wilL But, when alcohol modifies the deli- 
cacy of the apparatus, the intimacy of the connection between the will and 
the cerebral substance is correspondingly modified UBtil a point is reached 
where the material forces of the brain become released from the control of 
the immaterial will-power. This divorce first takes place in the motor re- 
gions of the cortex, so that, though a certain degree of sensation and per- 
ception may still persist, aud on inteUigent personahty is still active in the 
field of consciousness, aU power of directing the functions of the brain, and 
of the body through the medium of the brain, is temporarily oiTested. In 
this state of things the individual feels oa if possessed by two separate per- 
sonalities — one, entirely intelligent, calm, and tranquil, occupying the posi- 
tion o( a dispassionate spectator of their rational and tempestuous behavior 
of the other. This is sometimes the condition of the tipsy individual who 
cannot control his garrulous tongue or restrain his purposeless move- 
ments, but who may, nevertheless, be looking liown from the sphere of 
consciousness with the composure of & philosopher engaged in scientific 
observation of the results of uncontrolled nervous action. Physiologically 
epeoking, this peculiar condition is the result of inharmonious and dis- 
proportionate actirity in diflferent parts of the brain, producing intense 
functional exaltation in certoin sensory portions of the cortex, with corre- 
sponding functional depression in the motor zone of the hemispheres. 
Psychologically considered, this condition is the result of a modification of 
the ordinary relation between the material substance of the brain and the 
immaterial personality which constitutes the conscious, inteUigent indi- 
^'iduaL It ia a condition which finds its analogue in certain conditions of 
trance. It differs from the condition of the "mind-reader's" trance in the 
fact that, while his nervous system is passively submitted to the control of 
another intelligence, the brain and the nervous apparatus of the tippler are 
left free to " flutter in the wind " of physical impressions from without, It 
differs from the cataleptic trance in the fact that, while all power of bodily 
motion is abolished in the cataleptic state, the victim of alcohohc intoxica- 
tion may still be capable of displaj-ing a great amount of involuntary' mus- 
oular movement He may even from time to time succeed in regaining 
momentary contixjl of his physical powers— long enough perhaps to volun- 
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teer the information thnt he knows lie is acting aa il he were very drunk- 
a statement which ma; be entirely vmnecesaary for the enlightenment of by- 
standers, but which the subject of the obaen'ation feels constrained to utter 
as a vindication of the serene sobriety of his inner personidity, which re- 
mains self-conscious of its complete independence of the physical disorder 
of the body. 

It is in the stage of cerebral exaltation, after the commeucement of the 
anit^stbetic process, ao far as the special senses are concerned, that we, 
Bometimes meet with exlubitions of a ^^uost- clairvoyant state. Dr. J. F. B. 
Flagg, in his work on Ether and Chloroform, relates the case of a dentist, 
who, after an operation performed on bis forehead, under the influence ol 
ether, " said that, although his eyes were abut, he saw every cut of the 
knife. He saw the shape of the wound upon- tlie forehead ; and, whai wa« M-' 
1<T than all, this cutting appeared to him to be done upon somebody elite," In 
this cose we have an example under ether of that dual personality which 
has just been described as resulting occasionally under the influence of 
iilcohol upon the brain. The cerebral exaltation thus produced is probably 
common to all disturbances of the brain which powerfully affect its circula- 
tion. In this state of exaltation one sense may supplement another so that 
the patient seems to see with his eyes shui This is not real seeing, but it 
is a case in which the molecular changes in the cortical cells that are con- 
nected with the visual tract are now initiated by impulses cominf;;' to 
them through the less direct pathway of the net-work which connects UJem 
with other still open avenues of sense, such as the tactile sense, or the 
sense of hearing, or even the muscular sense. HoweTer initiated, the 
molecular movements must be accompanied by the projection of ideasinto 
the field of consciousness^ideas which, though lacking the precision and 
the exact conformity with fact which would characterize them under ordir 
nary circumstances of production, may yet present to the miud, especially 
when aided by association and memory, a very vind picture of external 
scenes. So far aa the mode of origin of such knowledge is concerned, it 
must be ranked as an illusion of sense, or, more accurately, an irradiation 
of sense. The knowledge of the external world thus acquired cannot com- 
pare in precision with that which is derived through the appropriate on- 
gans, because it cannot be subjected to comparison and correction by ref- 
erence to other immediately preceding or succeeding impocBBtonsiipcm the 
same organs ; but, nevertheless, it does contribute to the mind a certain 
amount of very solid and substantially accurate information. The conse- 
quent processes of thought must, therefore, rest upon a basis of facts quite 
ilifferent from the ideas which form the groundwork of dreams, 

HaQucinationa are less commonly the result of acute alcoholic poison- 
ing. They occur as the consequence of morbid changes produced by the 
chronic use of alcohol. Among the phenomena of dehrium tremens they 

always present. It is said that the hallucinations which accompany this 
almost invariably of a loathsome or terrifying character. Ob- 
scene and filtby figures, disgusting actions, alarming situations, occupy the 
mind. It is seldom that anjihing agi'eeable serves to divei-sify the dreams 
of alcohoUc delirium. This must be referred to the fact that the long uao 
of alcohol injures that delicate perfection of the brain by means of which 
the healthy individual is capable of pei-ceiving and enjoying the higher 
quolities of every object. The ^•ictim of chronic alcohoUsm has so long 
practised upon himself the production of auiesthesia that all his senses at 
last become degraded. Sexual gratification loses all its delicious perfeo- 
tioD. Food and drink no longer delight the seniles of smell ftad ' ' 
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Tlie blear-eyed clninkai'd hns become a proverb. Tactile sensibility ia ain- 
gularly perverted. And finally, the Lipher senses — latest and most diffi- 
cult of evolution — by wliicL we appreciate bcirnty and morality, are almoat 
if not wholly abolished. For this reason, the patient who suflers delirium 
tremens can only derive the ideas which dominate the mental processes of 
his diseaBe from tie lower residue of his sensory apparatus. Whatever 
objects liabit and oaaociation have connected with the functions of tbufc 
portion of liis nervous system will now be reproduced by memory as the 
groundwork of hia disorderly and purposeless tliought. 

For the reasons which have been thus set forth in the preceding pages, 
it becomes evident that, while alcohol is the great prototype of ana-athetic 
substances, the slow progress of insensibihty under its influence renders it 
in many respects unfitted for use in the production of artificial nntestheaia. 
For external use, as a means of benumbing the cutaneous sensibility, it ia 
often exceedingly valuable. The dentist has long employed it, in various 
degrees of concentration, for the relief of aching teeth. A pledget of lint, 
saturated with alcohol, may he inserted into the cavity of a decayed tooth 
with great advantage in many cases. Tlie pain of a superficial bum or 
scald, which has not been sufficient to destroy the life of the skin, may be 
completely abohshed by the continual apphcation of alcohol. In like man- 
ner the distressing uneasiness in the neighborhood of a blistered or 
otlienvise infiamed surface may be alleviate<l by similar lotions. The prog- 
ress of a wound or of an ulcerated surface, toward recovery, is rendered 
less painful and dangerous by alcoholic dressings. This ancient pi-actioe 
of Arnauld de Villeneuve has in Iat« years been revived with great iciat as 
one of the methods of antiseptic surgery. 

It would be interesting, did the limits of this discussion permit such an 
extension of our i-iew, to examine the mode of action by which alcohol pro- 
duces its antiseptic effects. We would find tliat it is cliiefly by intensifi- 
cation of its anfestlietic effects— by pushing to their last results its power 
of preventing molecular change in protoplasm. But sufBcient evidence of 
the remarkable energy of alcohol in this particular has been already pro- 
duced, and we must pass on to the consideration of other anaesthetic sub- 
stances. 



PHENOL— C,H,.OH. 

Carbolic add, Oxybenzene, PHenic add, Phenylw alcohol, E. ; Addum mr- 
bolicum, Acidum phenicum iTystallimluw., L, ; Acide phenique, Acide 
carbolique, Hi/drate de phinyle, Fr. ; Carbotsdure, PheiiyUUure, Plienyl- 
ali-ohol, G, 

Specific gravity, 1.066 at 46" (114.8" F.) ; melting-point, 39" (102.2° F.). 
Boiling-point, 182° (359.6° F.). 

The chief source of phenol is cool-tar, from which it may be separated 
in long, colorless, ocicular ciystols. It possesses a peculiar, characteristic, 
not unpleasant odor. It is moderately soluble in water, and forms with 
it a hydrate, 2C„H,O.OH„ which ciystallizes in large, six-sided prisms ; it 
is extremely soluble in alcohol, ether, acetic acid, carbon disulphide, clilo- 
roform, and hydrocarbons of the benzene series. The aqueous solution of 
phenol does not redden btmua ; it coagulates albumen, and on this account. 
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fippfuvntly, it is n most valuable antiseptic, preventiiig fermentation t 
putre&ictiou, anil therefore preserving animal substances from deicompi 
tioD. Phenol itself is a powerful caustic, and when applied to the skin i 
once whitens it ; many of the haloid derivatiTes of phenol exhibit thi^l 
property to a more pronounced, eit«nt (Miller j, 1 

Phenol was discovered by Bunge in the year 1834. Its physiological 
and therapeutical actions were investigated by Le Bceuf (1859). by Le- 
maire (1863), and by Lister (18G7), since whidi time its use has become 
universal The attention of phj-sicians and surgeons has been generally 
directed to the antiseptic qu^ties of the substance, while its aruesthetic 
properties have been less carefully noted. This, however, is not aurpria- 
ing, since it is only as a local anfesthetic that phenol posseases mncli value, 
while its antiseptic energy is beyond all possibility of estimation. 

Careful observation of the action of phenol upon unicellular plants and 
animals indicates that its mode of action closely resembles that by which 
alcohol and other antEsthetic substances produce their specific effects upon 
living matter. Phenol does not destroy protoplasm, cither living or dead. 
It arrests the movement of its molecules ; it may coagulate its proteid 
constituents ; it protects them from change. By virtue of this power it 
prevents decomposition ; it may even preserve alive certain bact«rial or- 
ganisms or their spores, keeping tliem in a state of inactivity analogous to 
sleep, until by removal from the corbolized fluid they are set free from its 
paralyzing action and recover their power of vital manifestation. Its action 
upon the white blood-corpuscles is the same as its action upon bacteria 
(Prudden). Its action is then truly aniesthetic, admirably illustrating the 
fact that anaesthesia is partial antisepsis, while antisepsis is merely ames- 
tlietic paralysis of molecular motion carried to its highest degree. The 
difference between the lesser action and the greater is ^own by the efTects 
of different solutions upon albumen. A five per cent solution of phenol 
produces complete coagulation ; a three per cent solution only disturbs 
the transparency of the albumen ; a one per cent solution produces no 
perceptible change. 

The action of phenol upon the lowest forms of vegetation is analogous 
to the action of alcohol. In an aqueous solution containing one or two 
]>er cent of carbolic acid the process of fermentation is greatly retarded. 
In a solution containing five per cent the process ceases entirely. The 
action of carbolic acid upon bacteria is largely dependent upon the degm 
of its dilution with water. Weak solutions (1 :200) do not destroy the 
vitality of bacteria, though they may retard their development For com- 
plete destruction of the vitality of these organisms a more concentntted 
(1 : 25) solution is requisite. A five per cent solution diffused through the 
air in the form of spi-ay is, therefore, of very little value as a means of de- 
stroying such bacterial spores as may be floating in the atmosphere. For 
the same reason it becomes possible, as llr. Lister has recently stated 
{Brit. Med. Joum., p. 183, February 5, 1881), for micrococci to moltii^y 
in the fluid contents of wounds which have been treated antiseptic^y. 
These organisms, to which has been given the name granuligera, have beMi 
" shown by Mr. Chej-ne to occur verj- frequently in cases treated uitiaep- 
tically, without any interference with aseptic progress" (loc. cit.). Decom- 
posable animal substances require a very intimate contact with the anti- 
septic in order to prevent the growth and propagation of those orgamams 
which favor putrescence. 

The actiuty of the chemical ferments is also diminished, or destroyed, 
by the presence of phenol in the solution. If present in quantity yaryiag 



fruiu one-half to two imd one-lialf per (.-ent., the converBion of starch into 
sugar by ptyalin, and the transformation of proteids into peptonee, ia ar- 
rested. That this actiou is, in solutions of moderate strength, of a paralyz- 
ing rather than of a destructive character, is shown by the ol^ervatious of 
Van Geuns (" Real-Encyc. der gesammten HeiUtunde," vol. ii., p. 670) upon 
the relation between phenol and emulsion.* He found that the develop- 
ment of hydrocyanic acid from amygilalin was only temporarily hindered by 
a four per cent, solution of pheiiot By reducing the strength of the solu- 
tion through the addition of water, the fermentative process was renewed, 
showing that the ferment had not been destroyed. 

Upon the various oninml tissues it may also be shown that weak solu- 
lutions exercise uo deatmctive effect But stronger solutions — five per 
cent, and upward — are very powerful agents for the coagulation of albu- 
men and the arrest of the Ufe of protoiuasm. The effect of phenol upon 
the nervous apparatus, therefore, depends upon the degree of concentra- 
tion with which it is appUed. The cutaneous nerves may thus be either 
irritated, benumbed, or paralyzed. 

It ia with these local effects of phenol that the student of ouEesthetica is 
chiefly interested. If the pure ciystols, or if a concentrated aqueous or 
oily solution of the substance be placed upon the skin, a painful BeuBatiou 
immediately follows the application ; the sui'foce is whitened, and soon be- 
comes insensible. The vitality of the epidermal tissues is destroyed, and 
after a few days there is exfoliation of the superficial layers. If the apph- 
cation has been protracted and severe, inflaJnmation will be established. 
A red zone of congestion suiTounds the necrotic area, and the various exu- 
dations wljich chai-acterize the inflammatoiy process will be displayed. 
The aniesthetic stage of tbia process is rapidly developed after the applica- 
tion. In order to accomphsh the production of complete local amrsthesia, 
il is necessary to paint the surface with liquid phenol or with a very highly 
concentrated Holution of its crj-stals in water or in ether. Its solution in 
oil or in glycerine is less energetic. Thus applied, a degree of aucestheBia 
sufficient to effect the painless incision of abscesses, etc., can easOy be pro- 
cured. 

Ab a local apphcation to rheumatic joints it has been employed both 
externally, and by hypodermic injection. Its external use for this purpose 
can scai'cely be prefeiTed to the similar nse of cantharides. If employed 
hypodermically, the quantity of pure phenol should not exceed nine or ten 
centigrammes (one grain and a holt) at once, lest symptoms of poisoning 
should appear. 

The average fatal dose of phenol is said to be not far from twelve 
grammes (" Keal-Eucyc," vol. ii., p. G73). Smaller doses, however, hove been 
known to produce a fatal reault, and a comparatively inconsiderable quan- 
titv — half a gramme (six or eight grainsj—may occasion disogi-eeable re- 
Siuts. The toxic phenomena are the some, no matter through what channel 
the substance may enter the circulation. It is ordinarily introduced 
through the stomach ; but its employment in vaginal or rectal injections 
ban some times produced symptoms of poisoning. Severe toxic effects have 
been known to follow its energetic application to the surfaces of healing 
wounds. The susceptibility of children to its effects is such as to interdict 
its extensive use in llicir treatment Inhalation of its spray during a pro- 
tracted operation is not without prejudice to certoin patients. It is there- 
fore important to know the symptoms which indicate its action upon the 
general system. ,\part from the local action of the substance ujMn the 
surface to wliich it may have been upphed — skin, mucous membrane, or 
17 
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■wound — the general effects are the same, witliout reference to the manner 
in which the poison has gained access to the circulation. The sjmptoniB 
of poisoning are manifested chiefly hy the nervous syst«m, and consist of 
headache, more or less interference with consciousness, giddiness ; finally, 
inaensihilitj', spasmodic contractions of the muscles of the face, sometimes 
even reaching the intensity of triamus ; spasmodic and paretic conditioiiB of 
tiie muscles of the limhs, culminating in complete resolution. 

Thus for the train of ^mptoms is quite ojiologouB to the consequences 
of alcoholic or chlorofonnic ana'Sthesia. The pulse becomes less frequent, 
weak, and irregukr. Itespiration is also cousiderahly disturbed. The 
temperature of the body frtlls, the extremities become cold. Clammy 
perspiration bedews the skin. The countenance becomes pale, or even 
cjnnotic. The pupils are contracted until the near approach of death oo- 
casioDH their dilatation. If the dissolution of the patient is averted, vomit- 
ing not unfrequently occurs during convalescence. After death the lungfi 
ai'e usually found gorged with dork, fluid blood. The heart is generally 
empty. 

Such is the course of poisoning by large doaes of phenol Of more fre- 
quent occurrence are cases of slow intoxication by the gradual introductiou 
of the poison into the curi'ent of the circulation, tlirough the medium of 
surgical dressings in accordance ^ilh the ultra-antiseptic method. As long 
ago OS 1876, Tardieu could give the details of tifteen such cases. In oertaio 
instances the patient passes rapidly into a state of collapse after the first 
application of the carbolized dressings. It must, however, be difficult to 
speak dogmatically of such cases, for the surgeon can always vindicate his 
method by rpferring the moribund condition of his patient to the loss of 
blood, or to the shock of operation, or to previous e^diaustion. fiut QieK 
exist other cases, to which attention has been called {London Med. Recordt 
May 15, 1S80), that are clmiTtcterized by n gradual development of the toxic 
symptoms days or weeks after the immediate effects of operation ha»e dis- 
appeared. The patient becomes restless. " His temperature will rise three 
or four degrees above normal, sj-mptoms appoi-eutly of incipient septici 
will develop themselves, and will in all probability be met by a more y 
ous employment of antiseptic methods. The condition of the patient, 
ever, becomes daily worse. Nausea, loss of appetite, giddiness, c 
spasms, great prostration, with coma, and even death, may close, and h 
deed have too often closed, the scene. In many of these cases there is no 
room for doubt as to the cause. It has been shown many times that, where 
recovery has taken place, the improvement in the 83'mptoms has coincided 
in the most marked manner with the cessation of the use of carbolized 
dressings. On the otiier hand, it has been noticed that the symptoms have 
always become aggravated shortly after the dressings have been Mplied." 

The recognition of phenol-poisoning by the toxicologist is effected by 
distillation of the contents of the alimentary canal, or other suspected sub- 
stonces, with dilute sulphuric acid. Phenol may thus bo separated in oily 
drops, which respond to the appropriate tests, of which the choracterutie 
odor is the most delicate. Urine containing the substance is often of a 
greenish or dusky brown color. It la sometimes almost black. This dis- 
coloration is caused by the presence of the products of the oxidation of 
phenol and liydrocliinon, and the appearance of hydroehinon under the 
foi-m of hydrochinon sulphate {Baumann and Preusse: Archiu.f. Jnat. itiul 
Pkya., p. 245, 1879). Li tasting the urine it is ailvisable to acidify the 
liquid with acetic acid, in order to avoid the possibility of developing 
phenol by the action of sulphuiic acid upon substances normally existing 
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in urine. After distillatioii it may be extracted from the difitillate by the 
action of ether. From its ethereal solution it may then be eofdly separated 
by a second distUhttloD. 

For the antidotal treatment of phenol-poisoning the administration of 
sacuhorated lime hau been recommended. This enters into combination 
with phenol, forming' an insoluble and but slighUy noxious compound. 
Sodic sulphate has also been praised on account of its formation of a harm- 
less sulphocarbolate in the alimeutai-y canal. For the general symptoms 
of carbolic toxaemia symptonLstic treatment alone is applicable. Under 
this head may be enumerated the administration of diffusible stimulanbi, 
and the employment of friction, warmth, sinapisms, electricity, and artifi- 
cial respiration. 



CHLORAL HYDRATE— C,H,a,0,. 

Tnchlorelhuldehydrol, Vhloral hydras, L; Hydrate de ohlnrd, Fr.; Cliloral 
hydrat, G.\ Hydrate of chloral, E. 

This substance was tliscovered, in the year 1832, by the celebrated 
chemist Justus Liebig. For many years, like chloroform, it was regarded 
merely as a chemical curiosity, and it was only in the year 1969 that its 
physiological and therapeutical quaJities were discovered by Prof. Liebreich. 

Chloral, from which chloral hydi-ate is derived, is a colorless, oily-look- 
ing fluid, with a density of 1.502. It boils at 94-4^ (202° F.). The density 
of ila vapor is 5.13. It has a decidedly ethereal odor, and is irritating in 
its action upon the mucous membranes of the eyes and nose. Its taste is 
acrid and disagreeable — almost caustic. It dissolves readily in water, al- 
cohol, and ether, entering into combination ^vith these substances. In con- 
tact with water it combines energetically with its elements to form a defi- 
nite hydrate of cfUoral, which crystallizes as its solution evaporates. 

Chloral is formed by the prolonged action of dry chlorine gaa upon 
pure anhydrous alcohoL Hence the name chloral, derived from tJie uames 
of these substances by uniting their first syllables — vhlov and al. 

Chloral hydrate occurs in white, crystalline masses, formed of rhom- 
boidal prismatic layers, or in separate crystals which at first sight closely 
resemble certain salts with an alkaline base. It has a disagreeable taste, and 
s penetrating, fruity odor like that of the melon. At oi-dinory temperatures 
it ia slowly volatilised, like camphor. It melts at a temperature between 
second 56'^ (IZH" — 136° F. ), and bolls without decomposition at about 96" 
(203" F.). It dissolves easily in water ; at 15^ (fiO" F.) 100 grammes (about 
three ounces) of lUstUled water will dissolve 361.615 grammes (about 6,936 
grains). The solution is neutral or only slighUy odd, and should give no 
precipitate with nitrate of silver. Impure chloral hydrate is much less 
Boluhle than the pure article. Li a state of purity its vapor does not read- 
ily fume with vapor of ammonia ; but if its crystals are diy, and if the tem- 
perature is somewhat elevated, light clouds of white vapor are visible. If 
the substance contains hydrochloric acid, very abundant fumes ore given 
off OS a result of the formation of considerable quantities of ammonium 
chloride. When the pure hydrate is subjected to the vapor of animoaia 
it is first changed into ammonium formiate imd chloroform ; and with an 
excess of ammonia this is fui'ther transformed into ammonium chloride and 
Ammonium formiate. 
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In the presence of alkaline hydrates chloral is decomposed into an a 
line formiate and chloroform : 

ChlonL Bodlnin hrdimtc. Sodlnm I<iRiilUe. 




C^a,0 + NaHO ^ NaCHO, + CHCl, 



This was the reaction which led Prof, Liebreich to suggest the use of 
this drug as a means of generating chloroform in the blood and tissues 
themselves. How this hj-pothesis conforms with facts we shall presently I 
inquire. 



PHYSIOLOGICAL ACTION OP CHLORAL ITi'DRATE. 

The application of the cryataUized hydrnte, or of On concentrated solu- 
tion, to the Bkin, cauaea considerable irritation, which may even result in, 
vesication and the formation of an eschar. If it bo injected into the ' ' 
it produces a circumscribed inflammation which in Uie lower animals maj 
sometimes result in actual destruction of the part If a solution of Uu 
drug is swallowed, its local effects depend largely upon the degree of Urn 
dilution. Strong solutions produce a reflex secretion of saliva, with acri^ 
disagreeable taste in the mouth, especially in the region of the palate and 
faueea In the stomach chloral hydrate produces a sensation of waimthF 
accompanied by a certain degree of gastric uneasiness and nausea. I^rgB 
doses not unfrequently excite vomiting. Small doses excite the sense of' 
taste, but do not particularly disturb the stomach or the sulivaiy glands. 

According to Labbee {''Diet Encyc, des Sci. Med.," t XVI, p. 467), if 
under the skm of a frog be injected a solution containing from 26 milligr. 
to 5 ctgr. of chloral hydrate, the voluntary movemente of the animal bood 
become enfeebled, and after a litde time there is complete muscular reso- 
lution ; sensibility also diminishes by degrees ; reflex movement ceases ; 
the movements of respiration and of circulation become less frequent ; 
the creature lies without motion, as if it were dead. After a few hours 
the powers of sensation and of motion are renewed, and life seems as if re- 
stored. If a larger quantity he injected, the movements of respiration and 
of circulation cease, and death takes place. 

Upon the rabbit similar efteets may be produced. After the hypo- 
dermic injection of 1.50 gramme (about twenty-three grains) of chloral 
hydrate, the muscular apparatus relaxes ; the animal falls asleep ; its send- 
bility diminishes ; respiration becomes dilatory ; the temperature of the 
body is lowered. After the expiration of an hour or two these symptoms 
pass ofi) and recovery takes place. But if a large quantity, such as three 
grammes (about fifty grains), be employed, in addittou to the above-men- 
tioned symptoms will be added the occuirence of dyspncea. Bespiratioii. 
becomes irregular and jerky ; ansctheaia is more complete ; finally the in- 
spirator}' movements cea-se, the heart stands still, the animal is dead. 

Dogs present analogous symptoms. After receiving under the 
four grammes (about one drachm) of the hydrate, the volimfary move- 
ments of the animal are seriously compromised. He totters around ; bis. 
liind legs give way ; he at length Ues down and goes to sleep. Cutaneotift 
sensibility becomes less acute ; respiration loses its regularity ; the pulse 
falls below its ordinary rate. After a time recovery takes place. Sensi- 
bility is the first to reappear ; tlien the special senses and the brain 
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Yoltintory motion ie tlie loet thing to be I'enewed. If the quaotitj of 
chloral b3rdrat« he increased to double the original amount, there will be 
complete anffiBtheaia, ehiJIa, and dyspucea. Death occurs as the result of 
cessation of respiration and circulatioxi. 

"Upon the biuuan subject the effects of the drug do not differ materially 
from its effects upon the lower animals. After a moderate dose, say froui 
a gramme and a half (23 grains) to four gi-ammes (one drachia), the pa- 
tient soon &lls asleep ; the pulse and respiration grow less frequent ; the 
pupils contract ; the eyeballs turn in ; the muscles relax ; all the phenom- 
ena of natural sleep are exhibited. If an excessive dose has been adminis- 
tered, death may take place. It is preceded by phenomena of excitement ; 
instead of quiet sleep there is stupor, with muscular agitation, hurried res- 
piration, an in-egular, feeble, and intermittent pulse, tumultuous beating 
of the heart, paleness of the face, depression of temperature, loss of sensi- 
bihty, and death. 

Poet-mortem appearances.— la frogs the heart is found relaxed in dias- 
tole, and distended with block, uncoagulated blood. The other viscera 
present their usual appearance. Ilabbits exhibit the same condition of 
the heart Their lungs ai-e pale and fi-ee from blood, enphysematous, and 
atelectatic. The abdominal viscera and the mesenteric vessels are gorged 
with blood. Within the cranial cavity the meninges ore injected ; the sinuses 
are distended with block blood ; the brain presents its natui-ol appearance ; 
the epin&l cord is healthy ; and the muscles are very dark. 

Death following the use of chloral hydrate has not been sufficiently 
common among human beings to furnish a considerable literature regard- 
ing the post-mortem appearances. In the few cases that have been exam- 
ined, the cardiac ventricles were empty ; the right auricle was iilled with 
fluid blood. Grich ton- Browne reports the heart dilated ; the lungs con- 
gested ; abdominal viscera distended with blood, the brain auoimic. Other 
observers have noted a hyperainuc condition of the meninges of the 
brain. T'he appearances presented by dogs which have been poisoned 
with chloral hydrate do not differ from the above. 

It is evident from the preceding summary that there is nothing charac- 
teristic ui the post-mortem appearances after chloral hydrate. They are 
common to the condition of asphyxia or of syncope. Li order to deter- 
mine the cause of death in a doubtful case, it is necessary to resort to a 
chemical analysis. Even then the result may not be wholly conclusive, 
dnce chlorid and chloroform are both to be identified by the chlorine 
which they contain. 

It appears, then, that chloral may act as a poison, as an amcsthetic, and 
aa a simple hypnotic The effect is closely related to the size of the dose. 
"When administereil in moderate quantities its action is purely hypnotic. 
Cutaneous sensibihty is not ubohshed ; the sleeper can be aroused from his 
slumber ; his spontaneous awakening is fresh and agreeable, without any 
of the unpleasant cerebral sensations which usually follow the awakening 
from opiates or umesthetics. 

It 1ms been remarked that in oertfun cases of cerebral congestion chlo- 
ral hydrate has failed to produce sleep. It is then desirable to administer 
with the ilnig other remedies which may serve to relieve the congested 
state of the vessels in the bruin. l<'or this purpose bromide of potassium, 
quinine, digitoUs, etc., have been recommended. 

The proper dose to be given as a hypnotic is about one gramme and a 
half (from twenty to twenty-five grains). This quantity may be repeated 
at the end of half an hour oi' an hour, if the fii'st dose is insufficient. lu 
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thiB vuy the medicine may be safelj admiiuat«recl for a number of weelca. 
Smaller doses Imve been taken every night for many years withont appor- 
pnt iujary, but it is a practice that is liable to abuse. Fortunately, how- 
ever, it may be thus constantly employed for many years , without that ne- 
cessity for increasing the dose which is so characteristic of the abuse of 
opiates. I am acquainted with a gentleman, now si^ty-nina years of a^ 
who has been in the habit of taking from sixty to seventy centigrammes 
(ten grains) of chloral hydrate, every night at bed-time, for at least ten 
years. He h&R never experienced the need of increasing the dose. Prot 
Edward L. Holmes recently treated a lady who for six years has been ac- 
customed to take not less than t«n grammes, every evening, without appar- 
ent injury. 

Cldonil hydrate has been employed by surgeons as an aniesthetic, bat 
its effects are not thoroughly satisfactory. ^Vhen administered to a rn'm altt 
it otdy destroys senaibihty if given In poisonous doses. Williemeaiid Jastro-- 
witz (" Diet Encyc. des Sci. M6d.," t. XVI., p. 462) claim that even the nasnl 
Heptum does not become wholly insensible. It is said that intravenous 
injections of its solution are much more efBcient for the production of an- 
jestbesia than simple hypodennic injections. In the physiological labora- 
tory it is not an uncommon thing to employ this method of stupefying the 
inferior animals. As Claude Bernard has shown, it is necessary in such 
experiments to make the injection as far as possible from the heart. An 
injection into the jugiJar vein is veir likely to arrest the action of the 
heart. Bernard wa^ of tlie opinion that dogs are less tolerant of the sub- 
stance than human beings. Three grammes and a half or four grammett.i 
{about fifty or sixty grains) were fatal to dogs, whereas the French etiiv 1 
(reons, Labbce and Or6, have safely used it in relatively equal doses hy in- ' 
jection into the veins of the humrtn subject With an interval of only 
three or four minutes Or£ injected two doses of nine grammes (about seren 
scruples) of chloral hydrate into the radial vein of a patient who was aof- 
fering with tetanus. For the relief of a case of subacute tetanus, follovring' 
gangrene of the great toe, I^abb^e made a similar injection of ten granames 
(more than two drachms and a half) of the drug. The patient entered t> 
condition of complete coma, which lasted for two hours ; tetanic symp- 
toms then reappeared, and the patient died. In another case Ore repeated 
his injections as often as the tetanic symptoms were renewed, until tlie 
patient had received twenty-eight grammes (nearly an oimce) of the drus. 
( " Lemons siir les AnesthSsiquea et sur I'Asphyxje," par M. Claude BemapiL) 
This audacity, however, has not found many imitators. Other surgeons 
("Diet Encyc. des Sci. Med.," ^oc. cU.'j, it is true, have attempted to procure 
antesthesia by its iutemal use, but pam was ofteu experienced in spite of 
the remedy. Nussbaum employed it in twenty cases of capital operation. 
Only once did he obtain complete insensibility to pain. In this respect 
the effects of intravenous injection twe much superior, but the evident 
liazard of the operation must necessarily preclude its admission to the rank 
of an approved method. 

Effevia o/chloral hydrate upon the blood. — Dr. Eichardson showed that 
chloral shrivels the corpiisclea of the blood, and also destroys ita power oE 
coagulation. But if a strong solution of chloral hydrate be injected into » 
human vein, the blood will be coagulated. In the blood of frogs it pro- 
duces deformity and enlargement of the cotiiuaole, a hyaline appearance 
of the hii-moglobine, and coagulation of the serum. Dr. Tiirobull reports 
the presence of amyloid bodies in the blood after poisonous doses of 
<■'''""' hydrate. 
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Effects of cMorai hydrate upon the heart and the circulalion.-^A< 
to Labb6e (loc. cit.) ten centigramiues (one grain and a half) of chloral will 
iiiTeet the movements of the heart of a frog within fifteen minutes. Three 
^aiiDimea (about forty-five grains), will stop the heart of a rabbit, and six 
■Ommmes (one drathiu and a half) will accomplish the same result in a 
(log. In the first-mentioned animul the cardiac movements subside grad- 
uiiUy, but in the warm-blooded auimals the arrest is instanfaneoua. It is 
preceded, at the commencenient of the process of chloralization, by a brief 
Bi.-celeration of the heart For a considerable time after tlie death of other 
organs the heoi-t continues to pulsate feebly when exposed to the air by 
removal of the thoracic wall 

In the human subject the result is similar. large doses produce vio- 
lent cardiac excitement, or even a sudden arrest of the heart, with pale- 
ness of the cutaneous sui-face, as in ordinary cases of y^ncope. Small 
doses produce very slight clionges in the action of the heart. It requires 
n considerable quantity to pi-oduce a notable eflect The heart is then ac- 
celerated at first, and retarded afterwartl. ProL Liebreich expressed the 
opinion that the drug acts first upon the brain and the spinaJ cord, and 
fiuaJlT produces paralysis of the intracardiac nervous ganglia, thus airest- 
iug tlie action of the heart He excluded the intervention of the pneumo- 
gastric nerves, basing his opinion upon the fact tliat, after the heart had 
ceased to beat under the influence of chloral, and waa no longer responsive 
to irritation, if the portion beyond the ganglia were excised it would again 
contract when tou<^hed. He therefore concluded that the paralysis must 
be of peripheral character. Labile, however, ia of the opinion that chloral 
acts upon the medullary centres, at first exciting the pneumogastric nerves, 
and through them arousing tumultuous pulsation of the heart, but finally 
paralyzing the nerves and producing arrest of movement No doubt the 
pneumogastric nerves share in producing a disturbance of the cardiac con- 
trikctions, but their paralysis tdone would not cause cessation of cardiac 
motion. The paralysis is general, affecting both the medulla and the nerve- 
ganglia in the heart itself. 

After tlte adminisb'ation of chloral hydrate the face becomes sufFiised 
with blood in consequence of paresis of the vaso-motor nerves of the head. 
Demarquay and Van Iciir have compared the vascularization of the eye and 
the ear, thus produced iu the rabbit, to the effects of section of the sympa- 
thetic nerve in the neck To a similar modification of the peripheral vaso- 
motor nerves must be assigned the cause of various cutaneous eruptions 
which follow the use of the drug. These eruptions assume various lonns, 
resembling sometimes the rash of Bcailatina, or of measles, or of purpura, 
or of urticaria. The scariatiniform eruption is one of the most common. 
When it appears shortly after the use of chloral, in a child who is suffer- 
ing with a febrile movement and a sore throat, the counterfeit presentment 
of aoarlet fever is well-nigh perfect 

^ect upon remh-atiun.—'Wheu placed under the influence of moderate 
doses of chloral, the respiration of the lower animals is somewhat retarded. 
Sometimes the respiratory movements become irregulai- imd jerky. Large 
doses BpeedUy distiu-b the rhythm of respiration, and occasion its arrest 
Similar results have been observed in the human subject. After poisonous 
doses the movements of respiration become irregular, feeble and shallow. 
Sometimes there is actual panting for breath. 

These distiu'bances are evidently produced by the action of chloral up- 
on the respiratory centres in the medulla oblongata, and upon the roots of 
the nerves in the spinal cord. The concurrent derangement of the cir- 



culEtion (loul)tle»8 contributes to the production of respiratory di*-' 
turbanco. 

Effwt upon Ike prodiiclion of heal. — Chloral produces n dimmution ol 
the teiQpentture of tlie body. Aiter oi-diuary duseH, dogs imd rabbits will 
exhibit a fall of 2° (3.0° 1'.). Demai-quiiy has noted, during sleep after 
chloral in the human subject, a depression of temperature eciual to about 
1° F. Anijnnls wliich tiaye been poisoned with cliloraJ hydrate quickly ei- 
hibit a temperature falling below 30° (8G° F. }, and progressively diminish- 
iug until death. In fatal cases after taking chloral, no thermometrio 
observations have been recorded for the human subject Cold sweats and 
general depression of temperature have alone been mentioned in such in- 
stance b. 

This depressing power of ehloral hydrate would naturally lead one to' 
anticipate tJiat tie excessive temperatureof fevers might be lowered byita 
use. No Buch favorable effect, however, Ims yet been observed, \fiien 
ndmiuiatered under such circumstances, only a sUght fall of temperaturB 
has been remarked. 

Condiiion of llie pupil of the eye. — Upon the innerrotion of tlie iri» 
chlolnl produces effects that are quite similar to those which have been 
discussed in the chapter on alcohol. The cause of the contraction which 
is tinoUy followed, in dangerous cases, by dilatation, hes in the varying rotfl' 
of progressive paralysis of the cerebral and sympathetic sets of nerves. 

Effect upon [heviusciitai- a})2>araius. — The initial effect of chloral hydrata 
is the induction of muscular debihty, diminution of the power of co-ordi- 
nating their movements, and final abohtion of muscular tonii'ity. Com- 
plete relaxation only follows esceasive doses. During ordimuy chloralic 
sleep reflex power is not destroyed, for an animal thus sleeping wdl respond 
to a pinch by removal of the limb. So powerfid ai'e the effects of large 
doses that Demorquay has pronounced chloral hydrate to be the most potent 
agent for the production of muscular relaxation that we possess. In a fult- 
grown man it is necessary to employ seven or eight grammes (about twd 
drachms) in order to effect such complete resolution of the muscles. Un- 
der the influence of such enormous doses the sphincters may be relaxed in 
the same way that has been observed in chlorahzed animals. 

It sometimes happens that, instead of muscular relaxation, the use of 
chloral hydrate may produce an increase of muscular energy. This has 
been particularly observed among drunkards and insane persons. It may 
occur under other conditions, producing muscultir rigidity very iniioh like 
the rigidity that is sometimes observed during the inhalation of chlorofonn. 
Dr. Allbutt relates the case of a woman who received a hypnotic dose of 
chloral during her convalescence from articular rheumatism. The drug 
produced violent pain in tlie muscles, accompanied by muscular tre- 
mors in the thighs, with spasmodic contraction of the bands, and finally 
resulted in a degree of opisthotonos which led to the bebef that strychnia 
had been administered by mistake. It was, however, proved that only the 
purest and best quality of chloral hydrate had been employed. An Itslian 
physician, Giovanni di Ranzoli, has reported the occm-rence of convuldons 
after chloral Theyare sometimes observed in frogsafter poisonous dooes. 
Bicfaardson has also seen them exhibited by other animals before deaUi. 
Their precise cause has not been determined, but it seems highly probaUa 
that they are induced by causes analogous to those which produce conYul- 
sions after poisonoiis doses of alcohol. 

Eetuming to a consideration of the relaxing effects of chloral upon the 
muscles, it Is not probable that these are due to any direct modification at 
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the contractile elements of the mueculiir fibres, because there in no loss of 
electro-muscular conti'actiliW, even after poisonous doses. Aside from a 
fitationftry condition of the blood in the mustrles, no speuial alteration of 
stracture has been described, though BichardBon mentions some change as 
having occurred. If there is any appreciable change, it cannot be of a 
paralyzing character, for the muscles do not loee their power of contract- 
ing when stuDiilated. Nor can it be the nerve which is at fault, for if a 
motor nerve be laid bare in the limb of an animal which has been stupefied 
with cliloi-al, and if an electrical current be transmitted through the nerve, 
the muscles with which it is in connection ivill immediately conti-act. The 
power of convej-ing' irritation is not destroyed. If then the muscle and the 
motor nerve remain capable of function, it can only he the spinal cord and 
the brain that are the principal seats of the paralyzing energy of chloral. 
This is rendered additionally probable by the well-known effect of the sub- 
stance upon the escitabih^ of the motor centres in the cortex of the 
brain. The fact is this, that chloral, like other hypnotic and anseethetiB 
substances, diminishes the vital energy of all hving matter ; but it is in the 
peculiar and dehcate structure of the nervous system that this depression 
becomes most conspicuous. The invisible molecular movements of the 
elements of the nervous centres are registered by muscular movements 
possessing a degree of amplitude that is almost inhnite in comparison 
with the changes to which they correspond. The veiy smallest alteration 
in the rate or in the chantcter of the motion iritliin a cerebral or a spinal 
cell may be sufficient to produce changes in the muscular apparatus which 
Bball vary all the way from convulsion to paralysis. 

Upon the non-striated muscles of the body small doses of chloral hy- 
drate may produce increased power of contraction. Large doses, however, 
arrest their activity. Liebreich thought that by its use the peristaltic 
action of the intestinal coats was increased in sleeping rabbits. This, 
however, seems to be a secondary effect of the dnig through its suppres- 
sion of the inhibitory energies of the brain and spinal cord. Besnier and 
Miirtineau have collected numerous cases in which threatened abortion 
during the early months of pregnancy was prevented by its use in large 
doses. Other observers have remarked an increased vigor in the uterine 
contractions of labor after its administration. But this may have been 
either the result of the suppression of inhibitory inHuences of various 
Hods, or it may have been due to reflex excitement, such as frequently 
follows a draught of cold water or any other hijuid duiing the course 
of a lingering labor. In the earher stages of confinement a large dose of 
chloral hydrate will frequently occasion an arrest of pains for a number of 

The effect of chloi-al hydi-ate upon the nervous system is thus summetl 
Tip by lAbhie {loc, cif, ) : The spinal cord loses first its escito-motoriiowera, 
then its sensory power, and finally its reflex capacity. The spinal nerves 
are overcome in au ascending order, from below upward. In certain rare 
instances there is an exaggeration of the functions of the nervous centres, 
producing psychical exaltation, increase of muscular excitability, and 
general hypenesthesia. The cranial contents are very speedily affected by 
<^iloraI ; in a very short time after its administration the ophthalmic 
branch of the trigeminal nerve is paralyzed, and the conjunctiva becomes 
insensible in consequence. After the special senses nave yielded, the 
brain gives way to the influence of the drug. Sleep almost invariably 
comofl on without previous intellectual excitement, though occasional ex- 
ceptions to thw rule have been noted. It is very seldom Uie case that sleep 



is distm-lwil by ilreama — it is quiet and refreshing, and the patient wak« 
without diBogreeable after-effects. 

Effect ujjon the necretiong. — The glandulai' organs of the body seem to 
be arouHed by the influence of chloral hydrate. The salivary ghinds are 
excited, in a reflex manner, no doubt, as well as by direct action through 
the blood. Animals froth at the mouth after hypodermic injection of a 
solution o£ chloral Profuse perspiration occurs afttr poisonous doses, 
but moderate doses do not visibly increa.se the cutaneous secretion in the 
human subject. ITie action of the kidneys ie notably increased. These 
orijans are considerably injected with blood, and Vulpian has even ob- 
served tlie occurrence of hicmaturia in dogs which had I'eceived chloral by 
intravenous injection. After ordinary doses the quantity of the urine is 
ordinarily augmented, without any oUier special change in the character 
of the hquid. It very rarely contains sugar, differing in thifl respect from 
ui-ine that has been modified by the action of chloroform upon the system. 
Neither chloral nor chloroform can be detected in the lurine. Bouchut, 
Tuke, and others, have reported an increase of the specific gravity of the 
urine, but this is not an ordinaiy result. Liebreich and Byasson deter- 
mined the presence of alkaline chlorides, and, occasionally, of aodic for- 
miate. 

AnlisfjHio properties t^ chloral hydrtUe. — As long ago as 1869, Dr. 
Richardaon remarked the coagulation and preservation of blood that had 
been allowed to flow into a solution of chloraL The Italian, Faveai dl 
Moi'tore, stated, in the year 1871, that animal and vegetable subatances 
would not puti-efy in xa atroospljere charged with the vapor of chloral hy- 
drate. Other otaervers followed in the same channel until the antiseptic 
properties of the substance were thoroughly established. Solutions of 
chloral, containing from one to ten per cent, of the substance, are capably, 
of preserving animal substances for weeks together. Dead nnirrnLlg ] 
thus be preaeri'ed by intravascular injections of solutions of chloral 
the aqueous solution alone be used, the flesh becomes hardened and 
able ; but. If glyceiiue is added to the liquid, the natural phability of th«" 
tissues will be preserved. The best proportion for such a solution is chlo- 
ral hydrate one pai-t, water seven partis, the whole to be mixed with an 
equal volume of glycerine (Personne). 

The process of fermentation may be retarded and completely arrestfld 
by the addition of from one to four per cent, of chloral hydrate. The ge- 
mination of microphytes in alkaline organic solutions can in the same way 
be prevented. Pavesi recommends its use as a parasiticide, and as a sub- 
stitute for camphor as a means of protection against moths. He is also of 
the opinion that it will be very serviceable as an antiseptic agent for use in 
hospitals, ships, and other infected localitiea In this respect, however, 
it may well be questioned whether it would be any more valuable than an 
equivalent amount of alcohol. 

Mode of action. — Prof. Liebreich, in the course of his experiments, 
finding that chloral was decomposed by the action of alkaline hydrate^ 
with the production of chloroform and a formiate, announced the infer- 
ence that in the alkaline blood a similar reaction might take place, libera- 
ting chloroform among the tissues, and furnishing sodium formiate to be 
excreted in the miae, unless further reduced by oxidation to water and 
carbonic anhydrides. According to this hypothesis, the sole cause of the 
hypnotic euer<,'y of chloral resides in the secondary product, chloroform, 
' '-.h may be derived from it Byasson and Follet beUeved that the aUta- 
>rmiate also contributed to produce tho amesthetlc and hypnotic i3i- 
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fects tbat follow tlie use of chloral liydrate. Their argument may be 
stated aa followa (" Diet. Encyc. dea Set. MM.," t. XVI., p. 472) : Sodium 
trichlomcetate can, like cliloral hydrate, be reduced, in the syatem, into 
chloroform ami a minute quantity of formic acid. Now, the tricliloracetate 
is far leaa energetic than chloral hydrate. It produces sleep and anfeHtbesia, 
but in a very much less degree. Since the transformation of chloral yields 
a much larger proportion of formic acid, its superior energy must be due 
to the difference in favor of the acid, which must, therefore, be considered 
a hypnotic as well as chloroform. Its effects are produced by deosida- 
tion of the blood, wliich yields its o^'gen to combine with the carbon and 
hydrogen of the acid, leaving the blood and the tissues minus that amount 
of osgj-en, and, consequently, in an asphyxiated condition. For these 
gentlemen, therefore, the condition produced by the action of chloral hy- 
drate is, in part at least, a condition of asphyxia. 

The chemists have generally arrayed themselves in favor of the hypoth- 
esis of Liebreioh. Physiologbts like Claude Bernard, and practical physi- 
cians, have preferred to look upon chloral as a substance possessed of cer- 
tain specific quahties by vii-tue of which it acta primarily as a hypnotic, and 
secondarily, when given in large doses, aa an anffisthetic, Bernard ("Le- 
«;Qns BUT lea Anestbesiquea ") calls attention to the parallel which may be 
drawn between many of the phenomena caused by opium and many tbat 
ore produced by chloral hydrate. The peripheral vascular dilatation, the 
reduction of cardiac energy and arterial pressure, the preservation of sen- 
sibility (during the sleep Uwt follows the drug — proved by the fact tliat if 
the ear or the toe of a dog be smarth- pinched, the animal groans, even 
though he does not wake up— alike follow the use of either substance. 
Notwithstanding certain minor points of difference — relating chiefly to the 
degree of suiiceptibibty to certain kinds of noise — the sleep of chloral much 
more nearly resembles the sleep of morphine than the an-.csthesia of chloro- 
form. The obaei-vatious of Claude Bernard are decidedly in favor of the 
specific qufdities and action of chloral hydrate. He was not able to detect, 
in the breath of animals to which cliloral had been given, any odor of 
chlorofonn. The odor of chloral itself was veiy evident. On the contrary, 
Dr. Itichardson claimed that, after poisonous doses, be did recognize the 
odor of chloroform in the air that was expired. 

Clinical examination of the blood has convinced the majority of chem- 
iits tbat chlorofonn exists in that Uquid after the administration of cbloraL 
To speak more exactly, they have found that under such circumstances the 
blood contains a volatile body which, when decomposed by passage 
through a red-hot porcelain tube, yields chlorine. This may be fixed by 
pissage of the goaes of decomposition into a solution of nitrate of silver, 
which retains the chlorine in the form of silver chloride. This seems to be 
the only chemical test upon which reliance can be placed, but it is an in- 
direct method of arriving at the result The presence of chloroform is in- 
ferred from the resulting chlorine. But chlorine is also a constituent of 
chloral When the volatile body is secured by collection of the breath, it 
may be ui-ged that chloral is not sufficiently volatile to enable it to traverse 
the pulmonary membranes; consequently, the chlorine-yielding substance 
contained in the breath must be chloroform. This conclusion, however, 
rests upon the rather doubtful hypothesis of the Imperviousness of the pul- 
monary membranes. The experiments of Horand andPeuch ("Diet. Enoyc. 
des Sci, MCd.," t XVL, p. 475) appear to give a more satisfactory result. 
They first determined by the usuid tests the presence of chlorine in the 
volatile substance obtained from the blond after chloral. They then under- 
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took to verity tlie inference that thia clilorine was j-ielded by cfalorofoi 
rather than by uliloral. Into their apparatus, in place of chloridized blood, 
they introduced a solution of chloral. From this they sought by the aid of 
an aspirator to witiidriiw llie vapor of chloral, which was then to be passed 
through a heated tube and tested with nitrate of silver. If chloral were 
thus given off from the solution, it should be decompoacd by heat, and its 
chlorine should precipitate silver chloride from the argeutic solution. Noth- 
ing of the kind occurred, and the experimenters, consequently, concluded 
that the chlorine which was identified in the first experiment must hare 
been yielded by chloroform in the blood. That this chloroform was not 
produced by decomposition of chloral ensting in the blood, during the ex- 
periment was further shown by treating the blood, which had yielded the 
chlorinated vapor, with an alkahne solution. If chloral still existed in the 
blood, it should be thus decomposed, and should yield an additional quan- 
tity of chloroform. No such residt followed the experiment, therefore it 
seemed to he certain that chloral, as such, could not exist in that specimen 
of hlood. 

Another exj>eriment, performed by Liebreich, aeema to prove the trans- 
formation of ohlorid. A rabbit was subjected to a qualified diet until the 
\urine contained no more chlorides. A solution containing one gramme 
(16.5 grains) of chloi-al was then injected under the skin of the anirrial. The 
amount of cldorine in the injection waa about sixty-six cejitigrammes (tea 
grains). The urine was collected and analyzed, with the result of recover- 
ing 0.05805 of the chlorine. Evidently a portion of that element had been 
retained by the tissues ; but the portion recovered could only have been 
derived from the chloral. The experiments of Arloing ("Revue des Sciences 
Medicales," tome XVII., 2e. fasc., p. 74t)) show that the irritability of the sen- 
sitive plant is suspended by the absorption of chloroform through its roots ; 
but a similar absorption of chloral produces no suiJi effect. This is sup- 
posed to be dependent upon the fact that the acid fluids of the plant do 
not permit the transform atiou of chloral into chloroform, while the alkahne 
fluids of animals furnish a vehicle admirably adapted to pi-omote such a 
change. 

Such are some of the considerations which have proved to the satisbc- 
tion of many that the action of chloral hydrate consists in nothing mors^ 
than the slow evolution of chloroform in tlie body. Many weighty n 
however, have rallied in defence of the doctrine that chloral acts as cF 
and produces a specific effect as such. Demarquay, Claude . 
and others testify to the odor of chloral hytlrate in the breath of animaJ*'* 
under its influence. liabb^e and Goujoa could not discover tbe odor of 
chloroform either in the breath or in the blood ; hut they admit that the 
odor of the blood overwhelms and nullifies that of chloroform. The symp- 
toms tliat are produced by chloral hydrate are different from the symptoms 
produced by chloroform. If slowly introduced into the blood of an ani- 
mal, chloroform produces excitement, sleeplessneas, and finally death — 
phenomena which should be exhibited after chloral if it is gradually trans- 
formed into chlorofoi'm. But the results of the administration of c^ ' 
hydrate are quite diflerent. 

According to Gubler {" Diet Encyc. des Sci. Mtd.," loc. cit.), if i . 

are immersed in the vapor of anhydrous chloral, they become violently te 

cited, and die veiy quickly. Similar treatment with vapor of chloroform 

produces speedy relaxation of the muscles and anresliiesia, from which 

the animal recovers if the dose is not too large. By these experiments 

the toxic energy of anhydrous chloi-al has been estimated at ten times tbft g 
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Btrength of chloroform. This does not seem conaiatent with tbe theory of 
transformation. The albumen of the blood, moreover, hna the power to 
prevent such ti-anaformation in its presence. If chloi-nl be mingled with 
the albuminous serum of the blood or of a blister, no odor of chloroform 
can be detected. If then n highly concentrated alkaline solution be added 
to the mL'stiu'e, the odor of cUoroform is at once perceived. In onler, 
therefore, to effect the trana formation of chloral with the production of 
chloroform, it ia necessary to neoure conditions which cannot exist in the 
animal economj-. The experiment performed by Liasonde, who allowed the 
blood of a rabbit to flow into a solution of chloral hydrate without the hb- 
eration of any chloroformic odor, or any vapor that by analysis could be 
made to yield chlorine, serves to support the same view of tbe subject. 

Another fact which seems inconsistent with the chloraform hyjiothesis 
has been observed. If, to a patient who has taken chloral hydrate, chloro- 
form be given by inhalation, instead of sleep and anEesthesia, a hit,'li state 
of excitement will be produceil. According to the transformation iloctrine, 
the inhalation of chloroform wsuld simply be an addition to the chloroform 
already liberated in the body. A more profound anasjthesia should be the 
result, if this were the actual process. 

Amid all these conflicting opinions it may }ye admitted that the results 
of experiment have not always been as luminous o^ might be desired ; but 
yet sufficient has been effected to enable us to form a probable theory of 
the manner in which chloi-al hydrate affects the animal organism. The 
Bymptoma which in the vast majority of caaea follow its use ai-e considera- 
bly dififereut from the symptoms which follow the inhalation or the inges- 
tion of chloroform. Now, the symptoms which are produced, let us say in. 
the nervous system, are not the result of the activity of tliat portion of the 
drug which maybe ilissolved in the blood. They result from the presence 
of the active agent in tlje cells of the nervous nsaues. This active agent 
which enters the cells must be chloral hydrate, unless that substance is de- 
composed in the blood before it reaches the tissues. But, if it were thus 
wholly decorai>osed, the symptoms should be the symptoms due to chloro- 
form alone. iJuch ia not the fact. Having entered the cells, then, as 
chloral its primary effect must be a specific effect. That we observe as the 
hypnotic influence of chloral But once within the cells, the substance, 
like alcohol, is subjected to the action of oxygen, and ia soon broken up 
into various constituents. "Water, carbonic anhydride, and chlorine are 
certainly to be counted among these products of metamorphosis. Chloro- 
form and formiates may also be formed. If thus produced, of course the 
chloroform would produce an effect within the cell ; but it would be a sec- 
ondary effect, and in considerable degree obscui-ed by the action of tho 
chloral from which it n-as derived. Its effect would be almost as insignifi- 
cant as the effects of the water, carbonic anhydride, and sodium or ixttas- 
eium forniiate, which ore also supposed to be produced at the same time. 
Every excess of chloroform which cannot be oxidized in tlie cell itself must 
aeoessarily be excreted into the blood. As it cannot be oxidizeil in Uie 
blood, whatever amount of cldoroform is thus discharged into the blood 
must seek to escape by the ordinary channels. The pulmonary tissue af- 
fords the readiest avenue of exit from the body ; consequently the breath 
contains the larger proportion of the chloroform that is formed within the 
body. Hence the residt of analysis of the breath. ^VTieuever the blood 
becomes in any way overloaded vrith chloral, this less volatile snlistanco 
may also (as in cases of poisoning) sufficiently charge the breath to be rec- 
ognized by its oliaraoteristiu odor. Ordinarily it ia retained in the blood 
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Tiiitil it lifts reoehed tUo tiaaues, where it prodacos ita cbaracteriatic effects, 
twA la transformed iutn new substancos thnt nre better fitted to undergo 
elimination from the hiH\y. It in as correct to suppose that chloral acta 
upon uen'ous linsuc in ita cfaiuacter of chloral, as to suppose that alcohol 
acts upon the Buue tissue as alcohol rather than as carbonic acdd or water 
which are formed in the tissues out of the alcohol which has be«n subjocte'l 
to their modifying action. 

Acddenls produced by chloral hydralt.: — like all other substances thiil 
are capable of overwhelming the brain, chloral has produced its share of 
mortAUty. In August, 1874, Labile reported more than twenty fatal caMi 
of chloral-poisoning (" Diet Encyc. des Sci. MC-d.," t. XVL, p. 476). Ho 
has recorded among these the names of two Bullish surgeons who died 
after taking the medicine, and he intimates that Sir James ¥. Sinipaon ex- 
perienced a similar fate. In every instance where an auto]isy bos lieen no- 
cured, it has be<'n shown that there were serious degenerations or chronic 
inflammatious of the vital organs, such as the heart, liver, or kidneja 
Sometimes, also, there lias beeu a concurrent abuse of opium or of alcohol 

Reference Iuls already been made to certain fugitive eruptions upon the 
skiu, which sometimes appear iLftcr the administration of medicinal doses of 
rhloiuL Wheu the di-ug L-ts been thus used for a long time, it may pro- 
duce cutaneous alterations whicli ai'e occasionally of a more chronic char- 
acter. Changes similar to those effected by dironic poisoning with ergcit 
have been obser^'ed, such as desquamation of the fingers, ulceration at 
tlie margins of the noils, painful hypenesthesia, enfeeblement of the heart, 
with frequent pulse, dyspncea, ouaaorca, and albuminiuia. Disuse of H 
drug soon effected a cure. Other observers have noted the appearance 
rashes like menalea, lasting three or four days, or like scarlet fever, 
sora thi-ont, fever, and desquamation on the fifth day. Such cose 
over, ai'o to bo received with a wholesome degree of scepticism. 
trustworthy ore the reports of eruptions like uiiicaria or erythema, whidi 
follow the use of the drug and disappear shortly after its discontinuance. 
In feeble and cachectic individuals, such as are found among the insaae, 
a purpuric or even scorbutic coniUtion has been noted as a consequence 
of the continued use of chloraL Various papular and petechial eruptions, 
with other trophic alterations of the skin, have been remarked under such 
circumHtiinces, I have observed a cJuvjiiic conjunctivitis, with redness of 
the nose luid oUier cutaneous appearances similar to those which ore pr^ 
duced by long-continued abuse of alcohol, resulting from ten-grain dosee 
of chloral hydrate, repeated every night for many years. Anstie has re- 
ported similar cases. He insists upou tiie ilanger of developing a reiitabls 
chloro-mania, analogous to onlinary alcoholic mania. There certainly is no 
little danger of producing by tlie use of chloral a graduul degeneration of 
the tissues of the internal organs quite similar to tlio degenerations that are 
originated by the abuse of alcohol. It is doubtless by its excessive irrii 
tion of the various channels of elimination that m'e produced the ckrt 
inflammations of the skin, kidneys, and bronchial membranes, wbicli fol 
its long-continued odniiuistration. 

TkerapeuHr trjnphijnurnt of rkl.oral hydrate. — Asa hypnotic agent 
doubtless surpasses all ot)iers. It has been itseii in all diseases accotn] 
by sleeplesanesa. 

In cases of insanity of every type, excepting acute general paresis 
specific cerebral lesions, it is of the greatest service. In acute niiuiifi^J 
the patient can be made to sleep, his chances of recovery are considei 
increased. Accordingly, it is found advantageous to administer the 
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freely Tintil sleep is procured. It is interesting, in this counectiou, to re- 
call the fact tliat it was nmong tlie insane that Liebroicli undertook those 
esperiments which establiahed the reputation of chloi-al hydrate as a hyp- 
notic. The drug ehoulii be admiuistered in considerable doses, every hour 
in violent caaea, every two or three hours if the symptoms are less extrav- 
agant, until the patient sleeps. It has been remarked that small doses 
serve to escite the patient, while large doses produce sleep. Two grammes 
(half a drachm) for an enfeebled patient, and four grammes (one draohm) 
for a vigorous person, are considered sufficiently moderate quantitiea Many 
physicians prefer to combine with the dose of chloral an adjuvant quanti^ 
of morphine and of potassium bromide. Morphine is especially useful in 
cases of a melancholic type ; and in cases of violent and incurable mania, 
opiates should be preferred to chloral. As a general rule, however, chloral 
hydrate should be administered in all forms of insanity that are chorocter- 
izod by sleepless excitement Its constant use should always He avoided, 
especially among iDsane patients who are enfeebled and cachectic- If any 
oiwinic disease or degeneration of the heart, liver, or kidneys ia knovra to 
exist, Lirge and frequent doses should be employed with great cautiou. 

As a remedy tor the wakefulness and mental derangement of delirium 
tremens, chloral hydrate is without a nvai. It often succeeds in cases 
where opiates have failed. It should be given in considerable quantity — 
two grammes (half a drachm) every hour until sleep is procured. In cci- 
toin coses, however, it fails to produce the desired efl'ect. Violent escite- 
ment, collapse, and death itself have been known to follow its use. In 
this respect the dangers that attend its emplojTaent do not difier from the 
dangers which accompany all active treatment In this disease. The chronic 
diaeAses of the brain, heart, liver, and kidneys, which are so common as a 
result of chronic alcohohsm, will always render delirium tremens a disor- 
der that is difficult and dangerous to the patient, whatever be the method 
of treatment 

Spasmodic and convulsive diseases are particularly benefitted by clUoral 
hydrate. This is no more than might be anticipated from the great power 
of effecting muscular relaxation which is manifested by this agent. Nearly 
every case of nervo- muscular excitement may be i-eheved by its action, 
BO &r OS the muscular symptoms are concerned. Its effect upon the ulti- 
mate cause of those symptoms is not so certain, 

J. Puerperal eclampsia, for example, finds tlie convulsive manifestations 
m the disease suppressed by large doses of chloi-al ; but death may yet occur 
in spite of the suppression of the convulsions. Less prompt than chloro- 
form in its action, its good effects are more durable. The medicine should 
be given in doses of two to four grammes (half a drachm to a drachm), and 
it should be repeated until the patient sleeps. This method may be em- 
ployed even during labor, and tiie process of parturition will scarcely bo 
hindered. 

Infantile convulsions and the convulsions of Bright's disease may be 
arrested by the use of chloral in doses appropriate to tlie age of the 
patient 

Chloral hydrate has been recommended in chorea. It appears to be 
more successfid than bromide of potassium, and in a certain proportion of 
cases does undoubte<lly shorten tlie course of the disease. It is most 
valuable in the treatment of patients who are in a condition of perpetual 
agitation that prevents the possibility of sleep, and scarcely permits the acts 
of eating or drinking. The administration of largo and frequent doses of 
alcohol, or of chloral, will almost invariably prove successful as a means of 
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arreBting the jactitntioDB of the patient during a timt; sufficient to procure 
necesaaiy Kleep. By tliia means the esliatistion of tlie patient moT be pre- 
vente<3. 

In like manner chloral sbould be employed in tetanns. Administered 
in conjunction with alcohol and bromide of potasaiura, it forms one of the 
safest and most efficient remedies that has ever been used in the treatment 
of this disease. Unfortunately, it eeema to address itself almost exdu^vely 
io the muscular spasm, so tiiat other remedies which tend to modifv in- 
flammatoiy conditions in the nerve-trunks and in the spinal eord should 
not be neglected. The great fatigue which results from tonic muscular 
spasm may be diminished by keeping the patient continuaUy relaxed with 
chloi-al. Liegeois ("Diet. Encyc. des ScL Med.," t. XVL, p. 481) has 
advised the maintenance of sleep by this method during the whole coarse 
of the disease. One of his patients was thus made to sleep for eight " 
without interruption. For this purpose as much as sixteen to ' 
grammes (four to hve drachms) of the medicine have 1>een admit 
during a period of twenty-four hours. Such heroic doses, however, 
liable to compromise the act of respiration, and to produce a certus 
degree of danger from aspliyxia. It was in the treatment of t«tanus that 
Dr. Ore, of Bordeaux, made the experiment of injecting a solution of 
chloral hydrate into the veins. In a case of tetanus, excited by the crush- 
ing of a finger, each day for three days in succession he injected into the 
radial vein not less than nine grammes (seven scruples) of chloral diseolved 
in ten grammes (two drachms and a lialf) of water. The patient recovered 
after an ilhiesa of seventeen days. Cruveilhier and other eminent surgeons, 
in Paris attempted the same method of treatment, but their patients 
not recover, and ponl-morlcm examination revealed the existence of 
blood-clots in the injected veins. 

In cases of hydrophobia, chloral hydrate has yielded no satia^toiyrfr-' 
suits. The same thing may be said concerning its exhibition in epilepsy 
and hysteria. It has been highly recommended as an adjuvant to the bro- 
mides in the treatment of epilepsy. For a certain period of time ita use is 
attended with beneficial results, and the quantity of potassium bi 
may be reduced ; but at length, in a large proportion of cases, it 
control the disease. 

Paralysis ogitons and the tremors of disseminated sclerosifi are 
favorably influenced by chloral hydrate. 

Hiccough and other allied reflex movements of a morbid charscttir 
easily arrested by the drug. 

Nocturnal incontinence of urine and seminal emissions may be 
in the same category. They may be often relieved, but are seldom 
cally cured by chlorid hydrate. 

Chloral hydrate is exceedingly useful as a means of relieving the 
regular reflex contractions and the irritations which often accompany tfa*-' 
first and second stage of parturition. Given in doses of one gramme (fif-' 
teen grains) every twenty minutes, until three or four doses have been ad- 
ministered, the patient will often pass into a condition of refreshing slf 
which may continue for several hours. Uterine pains are not thus a1 
ished — they are made endurable. Sometimes the patient sleeps in spite 
the contractions of the womb ; in other cases she may be aroused by 
pain, and again falls asleep as soon as it has ceased. By this method 
vigor of the patient is preserved, and the constant attention of the phj 
cian, which is imperative during inhalation of cliloi-oform, is rendered 
necessary. If any of the greater operations of obstetrics are reqi ' 
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chloroform or ether are more convenient than chloral for the induction of 
artificial an.f Htheaia. The after-pains, which bo often torment the mother 
after confinement, may be greatly relieved, U not altogether abolished, by 
the administration of chlord. 

\Vhooping-<;ough ia another spftsmodio diaeaae in which the paroiyama 
are greatly mitigated by the action of chloral hydrate. It is principally 
useful in non-catarrhal cases, especially after the crisis of the disease has 
been past. Against the introductory phenomena and against inflammatory 
comphcatioDS it possesses very little power. 

Asthma is very slightly becnefited by the drug. By its use sleep may 
be procured, and for a brief period the paroxysms may be somewhat re- 
lieved ; but the effect ia transitory, and produces no abiding result 

As a palliative remedy in pulmonary consumption, chloral gives great 
satisfaction. By its use in small doses the severity of the cough and the 
colliquative character of the sweats ore greatly diminished. In this respect 
it soothes the patient and produces agreeable results similar to the effects 
of opiates. It fortunately is superior to opium in the fact that its use doea 
not destroy the appetite and disorder digestion. 

All forms of bronchitis may be advantageously treated with chloral 
hydrate. This is especially true of those cases of copious bronchial secre- 
tion which will not tolerate any sudden arrest of the discharge. Chloral 
becomes in all such cases an excellent substitute for the opiates which or- 
dinarily enter into the composition of cough-mixtures. "Hie effect of the 
drug upon the air-passages is apparently complex in its character. It is 
p.irtly topical, by vu-tue of the conabint process of elimination through the 
mucous membrane, and portly general as a result of the effect of the medi- 
cine upon the central nervous system. 

Diseases of the heart should preclude the use of chloral in lai-ge doses, 
especially if there be concurrent disease of the kidneys. But in small 
doses it may for a moderate period of time be used with advantage to the 
patient as a moims of procuring sleep, and for the diminution of pulmo- 
nary hypericmia and dyspnisa which may accompany certain cardiac dis- 
eases. 

For the production of artificial amcsthesia in surgical practice, ciiloral 
hydrate has been administered by the mouth and by intravenous injection, 
l^e first method is not very successful, since the size of the dose which 
must be employed is sufficient to render it more dangerous than chloroform. 
For brief operations, especially on children, where it is only necessary to 
remove a tooth or open an abscess, chloral may be used. The patient ia 
put to sleep, and the operation is concluded before he can arouse him- 
seU. 

Intravenous injection constitutes the most effectual method for the in- 
duction of artificial anicsthesia by the aid of chloral This method ia 
continually employed in the physiological laboratory, with the most satis- 
factory results. T)ie animal becomes profoundly iuseusible, and continues 
in Uiia condition for a time sufficiently long to permit the performance of 
the most difficult and protracted experiments. Emboldened by this ob- 
servation, Or6, of Bordeaux, treated a case of tetanus by this method with 
Buch a degree of success that in t^e month of May, 1874 ("Diet Encyc. 
. des ScL &[£d.," t XVL, p. 4S8), he again rewirted to it in an operation for 
the removal of a sequestrum from the astragalus of a young man. In this 
ttso he injected eighteen grnmmes (four and one-half drachms) of a watery 
Boiution, containing thirty-three i>er cent of chloral hydrate, into one of tho 
radial veins. The patient soon passed into a quiet ideep without any dis- 
18 
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turbance of the reepiration or the circulBtion. After the dooclusion of tl 
operation, a few electrical shocks, along the tmck of the pneumogastric neira ' 
in the neck, served to awaken the patieat, who declared liis utter iyiioi-ance 
of oil th«t had occurred during the i>eriod of ansetheaia. 

Two Belgian surgeons {l<x:. «f. ) in like manner operated for the relief of 
a cancer in the rectum of a lutui fifty-seven years of age. In this case eight 
grammes (two drachms) of chloral, dissolved in twenty-four grammes (six 
drachms) of water, were thrown into the vein. Three-quarters of an honr 
elapsed before the patient became insensible. An»8theBia was then per- 
fectly established, and he slept twelve hours vrithout waking. 

Notwithstanding these successful attempts, the majority of surgeons 
have not been favorably inclined toward the method. One of Ore's jmtienta 
experienced a severe attack of bronchitia after the injection, which may 
have been the consequence of excessive irritation of the bronchial mucooa 
membrane during the act of elimination of the drug. In this connection it 
is welt to remember the fact that Vulpian has reported numerous deaths, 
and, in two cases out of sixty or seventy eKperinients, bteniaturia and ei- 
tensive lesions of the kidneys, occurring among the animals subjected to 
tliia treatment in liis laboratory. The experience of Cniveilhier, and of 
other surgeons, previously noted, indicates a source of grave danger in the 
formation of intravenous clots, and in the production of phlebitis, to say 
nothing of the risk of death from the direct action of chloral upon the walk 
of the heart and upon the nervous centres. The method possesses all the 
risks that attend the inhalation of chloroform, and is characterized bj' many 
additional inconveniences and dangers. 

As a local aniestbetio, chloral hydrate is not very energetic. Certain ob- 
servers have recorded its efficacy against the pain which is sometimes ex- 
perienced in wounds and blistered surfaces. AppUed in substance to the 
nerve-pull) of a carious tooth, it has relieved the [loiii of tooth-ache. Vidal 
has recommended a two per cenL solution of chloral as a lotion for the 
relief of pruritus. Richardson praises its virtues as a local application in 
neuralgia. The rehef which is thus obtained is due in part to its counter- 
irritant effect, and in part to its intiiusic ann-stbetic pi-operties. Applied 
to a surface from which the epidermis has been removed, it p^od^ces a 
local anodyne effect similar to the results which are secured by the endei^ ^ 
mic use of morphine. 

As a topical application for the dressing of ulcers of a venereal c 
or any offensive and indolent sore, a one per cent solution of chloral 1 
drate has been highly recommended. Under its induence the surface a' ' 
ulcer cleans itself, and begins to granulate. Since chloral is not a disin- 
fectant, if the discharge from an ulcerated surface or a chronic abscess be- 
comes offensive, the one per cent solution should be reinforced with one 
part in ten of an alcoholic essence of eucalyptus. Martineau has proposedj 
the following formula : 

Solution of chloral hydrate, one per cent 1,000 

Alcoholic essence of eucalyptus 100 

The essence is composed of one part of the essential oil of euoalyptaa 
mixed with one hundred parts of alcohol. 

In many other forms of local inflammation such solutions have been 
used with varying degrees of success. Its good effects are based upon its 
Qualities as an astringent, caustic, fermenticidal, and aniesthetic substance, 
iperiority to alcohol and carbolic acid conaiata in its greater onfeathetio ■ 
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energy — a property which it shares with chloroform. Its greater solubility 
and ita inferior volatility render it more coDTenient than chloroform. 

For the relief of scTere internal pain chloral hydrate is a very uncertain 
remedy. It is uHually inferior to opiates for this purpose, but it may be 
substituted for those preparations when they cannot be tolerated by the 
patient. Used in connection irith opiates, ita effects are often very satis- 
factory. In the febrile condition it is of very UtUe value as a means of 
reducing the temperature of the patient. In sea-sickness and in cholera- 
morbus it is at least as useful as chloruforiu. 

The effect of chloral upon tlie blood has suggested its use as an intra- 
venous injection for the radical cure of hicmorrhoid and other varicose 
conditions of the veins. For this purpose equal parts of chiora] and of dis- 
tilled water are thrown into tlie projecting hemorrhoid with a hypodermic 
syringe. The pain is very slight, and recovery soon takes place. Certain 
accidents, such as phlebitis, abscess at the site of the injection, and local 
eschars, have followed the employment of this method of treatment. 

For the relief of the pain of uterine cancer, chloral has been used in the 
form of a vaginal suppository, with considerable success. One gramme 
(fifteen grains) of the hydrate should be incorporated with each suppository. 

In cases of poisoning with strychnia or with Calabar bean, tie reaulti- 
ing con^Tilsions may be arrested by the administration of chloral hydrate. 
These substances are not by any means antagonistic. The progressive ef- 
fect of the poison is merely retarded, and the convulsions are abolished. 
This, however, is a great advantage, for it gains time for the possible elimi- 
nation of the poison by the emunctory organs of the patient. Vfb may not 
from this conclude that either strychnia or Calabar beau are antidotes to 
chloral in poisonous doses. 

The auDJeiit of cliloral inebriety lias recently been treated by Dr. J. B. 
Mittison {"Proc, of the Med. Soc. of the County of Kings, N. Y.," vol 
iv., No. 3, pp. 65-77). Attention is called to a form of dyspncea that is 
produced by long-continued use of the drug. The following case is quoted 
from Kim, as an illustration of this effect of chloral. A prominent physi- 
cian " was summoned in consultation to a lady pro.strated by long suffer- 
ings, who had of late suffered from attacks of extreme dyspncea, which had 
inci'eased. At the same time the face was swollen, the facial muscles 
paralyzed, and there were also all the signs of cerebral effu^on. Erery 
remedy had failed, and the patient seemed on the brink of the grave. The 

iibysicians, therefore, recommended the discontinuance of a daily dose of 
orty.five grains of chloral, which had been given as a hypnotic, where- 
upon all these highly alarming symptoms vanished in an ahuost magical 
way, the cerebivil disturbance ceased, and the respiration cjuickly resumed 
ita normal type." 

Under the prolonged influence of chloral hydrate the pulse becomes 
weak, rapid, and irregular ; the heart beat« feebly, and there is a tendency 
to syncope. This enfeeblement of the circulation, together witli the im- 
poverished condition of the blood, produces imperfect gastric secretion 
and digestion, so that the phenomena of partial starvation appear. " Nau- 
sea and vomiting come on ; the tongue is covered with a whitish fur ; the 
desire for food is variable, deficient, and in well-marked cases almost es- 
tioct, the morbUl appetite seeming to feed upon itself; the breath is fetid, 
or gives off an odor of chloroform or alcohol ; jaimdice appears, though 
oft«ner there is a pallid, antemic look from blood- vitiation ; the bowels aa 
torpid — eiceptioually relaxed — and the alvine dejections ore hard and pe- 
culiarly pule." 
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Ab an extreme case of the def^ree of eDfeeblement to which tlie senses 
of eif^ht and of hearing are liable, may be mentioned a case reported by 
Dr. Keyeer, of Philadelphia. A gentleman who waa in the habit of taking 
"sixty and eighty grain doses of chloral, suddenly became blind. Oph- 
thahnoBCOpic examination revealed great retinal ansemia. TliO drag' was 
discontinued, and in a few days sight was restored." 

Certain peculiar pains have been described by Dr. Mattison as conee- 
quent ujwn chronic chloraliem. These pains resemble neuralgia and rheu- 
matism, but exhibit points of difference in their location. UnHlce neural- 
gia they are not linut«d to particular nerve-territoriea Unlike rheumatism 
they avoid the joints, and seem to girdle "the Lmb or finger just above or 
below them, without pain or pressure, and unaggravat«d by movement" 

The prognosJB in chloral inebriety is variable, and generally unfavor- 
able, "The disease is less frequent than opium and much more infre- 
quent than alcoholic inebriety, . . . while the habitual use of opium 
admits of its gra<lual increase without risk, so that enormous doses can be 
taken with impunity, that of chloral is sometimes the reverse, and serious 
effects have followed the use of a smaller dose than the patient had for 
some time been accustomed to taking." The proper treatment in all such 
cases consists in the withdrawal of the drug, and in the substitution of b 
tonic and restorative regimen. 



BUTYI. CHLORAI. HTTDBATE— C.H,C1.0.H,0. 

TricklorobutiUdihydrol, Chloral butylicum, L.; ffi/dratc de chloral bulif- 
;tgw, Fr.; Butykhloralkydraf, G. 

Butyl chloral hydrate, formerly called oroton chloral hydrate, is formed 
by the combination of water with butyl chloral It may be easily recrys- 
tallized from water, forming thin, dazzling white, shining plates, which 
pertinaciously retain water and melt at 78 (172.4° F.). It is very volatile 
in a current of steam. Scarcely soluble in cold water, it dissolves readily in 
hot water and in alcohol. Its vapor is veiy irritating to the mucous 
membranes and the eyes (Watts). 

Butyl chloral hydrate produces upon animals effects quite analogous to 
the effects of chloral. It may be used by intravenous injection, with a 
completely stupefying effect The animal sleeps profoundly, and the 
limbs remain in whatever position they may have been placed. The first 
effect of the administration of this substance is the production of a brief 
period of excitement. This is followed by drowsiness, and by a reduction 
of sensibility about the head. The remainder of the animal becomes grad- 
ually involved in this loss of sensibility, and finally all consciousness ia 
lost in sleep. The movements of respiration and circulation become re- 
stricted, and there is a remarkable depression of the temperature. Fatal 
doses destroy life by an arrest of respiration. After death, some degree of 
vascularity about the cerebro-spinal membranes has been remarked, but in 
general terms the results of post-mortem observation are negative. 
- Butyl chloral hydrate may be administered to the human adult in doses 
of sixty-six centigrammes (ten grains) to two grammes (thirty grains). 
Its persistent, acrid taste sometimes produces nausea and vomiting. This 
tesult may also be caused by the hypodermic administration of the drug. 
Large doses have been known to excite diarrhcea.. In the course of a fev 
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minutes after swallowing the drug, the patient begins to feel heBTy and 
drowsy, nnd the sensibility o( the face is diminiehed. Gradually, other 
portions of the surface become inaeDsible, and sleep is established after 
fifteen to thirty minutes, without muscular relaxation or any special dis- 
turbance of respiration, circulation, or temperature. After awaking, no 
particularly disagreeable sensations are experienced, and recovery is rapid. 
Butyl chloral hydrate is hypnotic and moderately an.-VBthetic, though 
not universally analgesic. Ita moat pronounced effects in the matter of re- 
lief for pain are exhibited in cases of trigeminal neujalgia. For thia dis- 
ease it may be given in doses of tliirty to sixty centigrammes (five to 
ten grains) every half-hour until relief is experienced or sleep is induced. 
For other diseases it may be used as a substitute for chloral hydrate, 
uuder the same general condition that should regulate the employment of 
that drug. The dose should not exceed one-third or one-half the usual 
dose of chloral hydrate. It is contra-indicated in irritable conditions of 
the stomach, and in all cases of enfeebled action of the heart Combined 
with equal pai-ts of tincture of camphor, it makes an excellent local anaes- 
thetic. Hj-podermic use of butyl chlortd hydrate cannot be recommended 
on account of the irritant efl'ect of the solution. Poisoning by this sub- 
stance must be combated by the application of warmth sufficient to sustain 
the bodily temperature, and by artificial respiration. Electricity has been 
recommended, but it should not be allowed to act upon the heart 



METHyUC ETHER— C,H,0. 

(' Meihylic oxide, Meth'jlune hydrate, E.; ^her mkkylique, Oxyde de mithyle, 
Ft.; Methyiather, Holzather, Formather, Q. 
Specific gravity of vapor, 1.617. 
Boiling-point, —21° {-5.8° F.). 

I Metbylic ether is a colorless, inflammable gaa, with a peculiar, oppres- 

sive, ethereal odor, and a pungent taste, It was discovered by Dumas and 
Peligot, in the year 1835. It may be prepared by diatUlation from a mix- 
ture of one part of methylic alcohol and four parts of sulphuric acid. Tlie 
ether, as it is evolved, is accompanied by carbonic acid gas and sulphur- 
oua acid gas, with a certain proportion of methyl sulphate (CH,),SO,, 
These gases may be removed by keeping the gaseous mixture for twenty- 
four hours in contact with slaked lime or with caustic potash. The methyl 
sulphate is by this process decomposed into methylic ether and eulphuHo 

QaseouB methyhc ether is dissolved readily in water, one volume of the 
liquid being sufficient to detain thirty-seven volumes of the gas. It is also 
dissolved by strong sulphuric acid, and still more readily by methylic ol- 
cbobol, etliylic alcohol, and ethyUc ether. The gas is very iaJlammable ; it 
bums with a pale, but luminous flame. According to Berthelot it may be 
liquified at a temperature of —SG' {—32.8° P.). 

Ethyhc ether dissolves one hundred volumes of methyhc ether, at 
{32 F.). This solution was recommended as an anaesthetic by Dr. 
Bichordson, in the year 1H67. In the month of May, 1868, he inhaled the 
i itself. It produced unconsciousness in seventy seconds, and on awak- 
[ he experienced no diaogreeablo sensations by way of after-effect. 
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^VheIl the vapor is adminiBtered to pigeons tbey fall into & quiet slecnfl 
-without convulraoiiB. Administered to aaimals is a sufficient quanti^ n ' 
an ethereal Bolution, it may produce death by paralysis of the nervous oen- 
trca. Death is preceded by muscular spasms. The respiration ceases be- 
fore the action of the heart. The lungs were not engorged, but the 
pulmonary veins and both sides of the heart were filled with dark, fluid 
blood. Four to eight grammes (one or two drachms) of the solution are 
sufficient to produce nntsstheeia in the human subject It has been em- 
ployed in several cases for the eitraction of teeth, without any disagreeable 
symptoms or unpleasant after-effects. The rapidity with which the gas es- 
capes from its solution, and itB decidedly disagreeable odor, render it ob- 
jectionable as an agent for the production of anicsthesia. 



ETHER— C,H,.0= fC^.},0. 

.^her, L.; Sidphuric ether, Ethylic ether, Ethylic oxide, E; £lherv 
Ft.; Sckwefeiather, G. 

Specific gravity, 0.723 at 12.5° (54.5° F.}. 
Boiling-point, 35.G° (9C° F.) at 7C0 mm. 
Vapor density, 2.586. 

Pure ether is a colorless, transparent, very mobile liquid, havinga pecu- 
liar, exhilarating odor, and a sharp, burning taste, with cooling after-taste. It 
is perfectly neutral to vegetable eolore, and refracts light strongly. Cooled 
to —31° ( — 23.8° F.), it crystallizes in white, shining laminre. It is very 
inflammable, and 'Aa vapor, when mixed with air, detonates nitb great vio- 
lence on the approach of a burning body. As the vapor of ether has a con- 
siderable tension at ordinaiy temperature, and consequently difiuses quickly 
to a considerable distance, great danger is incurred in pouring the liquid 
from one vessel to another in the neighborhood of a gas-light or any burn- 
ing body. The decantation of any considerable quantity of ether should 
always be performed in a room where there are no lights burning {Watta). 

Ether was discovered in the year 1540, by Valerius Cordius, who gave 
to the new substance the name of Oleum vitriolidtOce. Frobenius changed 
this name to ether in the year 1730. 

Ether is usually prepared by heating a mixture of alcohol and sulphuric 
acid. The best meUiod is that introduced by Boultay, in which the alco- 
hol is supplied in a constant stream, and the formation of ether goes on un- 
interruptedly. Ordinary ether may be completely freed from water and 
alcohol, and converted into absolute ether, by placing it in contact with 
lumps of fused chloride of calcium, which takes up the water and alcohol, 
and rectifying. Absolute ether should form a clear misture In all propor- 
tions with oil of copaiba ; ether containing water or alcohol forms an emul- 
sion with considerable quantities of the oii Ether mixes in all proportions 
with alcohol, wood-spirit, chloroform, acetone, and many other liquids, and 
to a certain extent also with water. Wlien ether is shaJcen up with water, 
two layers are formed, the upper consisting of ether containing a little 
water, and the lower of water which has dissolved one-tenth of ether. 
Ethei- dissolves iodine and bromine, and small quantities of sulphur and 
phosphorus ; also chloride of gold, chloride of iron, mercuric chloride, and 
""•rcuric nitrate. It dissolves witii facility most organic bodies containing 
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a large proportioTi of hydrogen, Buch an fats and reBisB, wbich are but 
sparingly dW)lTed bv alcohol whereas it acts but little on those which are 
easily aoluble in alcohol (Watte). 

Pure ether IB neutral in its reaction with litmus. If it reddens blue litmus 
paper it contains either Bulphuric, Hulphurous, or acetic acid. Of these 
the sulphur adds may be detected by their reaction with a solution of 
barium chloride. The addition of a solution of an iron salt gives a dark 
red color if acetic acid be present. The presence of alcohol aa an impurity 
may be suspected if the specific gravity of the specimen exceeds the stand- 
ard figure. The addition of a solution of potassic acetate, followed by con- 
centrated sulphuiic acid, liberates an odor of acetic ether if alcohol bos not 
been entirely removed from the ether. Contained alcohol will produce a 
red color with crystals of fuchsine, while pure ether remains colorless. 
The presence or absence of water may be determined by the behavior of 
eUier with tannic acid. If anhydrous, the tannin preserves its pulverulent 
appearance ; otherwise it is transformed into a syrupy liquid below the 
supernatant ether. The contamination of ether with fusel-oil may be de- 
tected by evaporation of the hquid from filter-paper, when the presence of 
the oil may be readily detected by the characteristic odor which clings to 
the paper after the dissipatiDn of the more volatile liquid. 

The chemical reactions which eSect the liberation of ether from alco- 
hol are thus represented : 

AkoboL SnLph. Kid. EtfcyUo hjdric lUlphkU. Wntcr. 



C,H..OH + H,SO. = C^.HSO, + H,0. 

The ethylic hydric sulphate thus formed then enters into a reaction 
with another portion of alcohol : 



C,H..H80, + C,H,.OH = C,H..O.C,H. -i- H,SO.. 

The resulting molecule of ether is removed by heat in the process of 
distillation, and the liberated molecule of sulphuric acid again combines 
with the remaining alcohol to form ethylic hydric sulpliate. Tins cycle 
of changes should, theoretically, continue indefinitely, or as long as the 
supply of alcohol is maintained. But, as a matter of fact, the acid is rap- 
idly expended in the processes of oxidation and carbonization of the alco- 
hol, so that one part of acid cannot change more than five parts of alcohol 
into ether. 

rA«p/tj/moio(/i«t/ Hf (ton ()/'e(ACT' presents very close resemblance to toe 
actions of alcohol and chloroform. Much more speedy tlian alcohol, and 
less profound than chloroform, its effects are manifested by the same gen- 
eral order of symptoms, and they result iu the same condition of the ner- 
vous centres. It will, tlierefore, only be necessary to dwell at this point 
upon the ^>ecuUai-itieB which differentiate the action of ether from the ac- 
tion of other aniEsthetic agents. 

It was long since pointed out by Flourens that ether manifests its most 
conspicuous effects, first upon the cerebrum, then upon the sensory nerves 
ond spinal centres, then upon the motor centres and motor nerves, and 
finally upon the medulla oblongata. The fact should not, however, be for- 
gotten that wliile this order of sequences characterizes the greater phe- 
nomena of amestbeeia, it does not sufficiently take into account those more 
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intimate phenomena n-hiclt result from the universal actioD of the agent 
u]K>a all parts of tlie nervous aj'stem, iDcluding the vaao-motor centres 
and conductors. This general result has been discussed under the head 
of the general physiology of auuistheBia, and need not be again considered 
in full. 

Like alcohol and chloroform — in short, like all other auESsthetic sub- 
stanceB — ether, by the first contact between its molecules and the molecules 
of tissue- protoplasm, produces a hberation of motion iu the tissuea. The 
effect of thia in manifested in the department of circulation by an increased 
movement of blood iu the capillaries. This signifies increaaed cardiac ac- 
tivity. Soon this increased activity is transferred to the artetial vails, 
which contract upon their contents. The more energetic the aiucsthetic, 
the more complete the contractions ; but in such case the spasm is propor- 
tionately less enduring. When chloroform and similar powerful vapors 
are inhaled in considerable quantity, their paralyzing effect soon produces 
relaxation of the vascular canal. The heart beats with leas energy-, the 
artery contracts with less vigor, the veins become more capacious, the 
blood lingers in the capillaries and tends to accumulate in the venous por- 
tion of the circulatory apparatus. As a consequence, the vascular pressure 
in the arteries, which may have exhibited an increase at the outset of in- 
halation, displays a decided fiilL When ether ia emploj-ed, this diminu- 
tion of pressure is much less notable than when chloroform is used. Ether 
depresses the action of the heart, and interferes with the circulation of the 
blood ; but this effect is shght in comparison n-ith the result of chloroform 
inhalation. The English Chloroform Committee found that aometimea 
the column of mercury in the manometer attached to an artery marked a 
higher figure during the inhalation of ether than before the administra- 
tion of the vapor. This was doubtless due to the excitant effect of the 
auKSthetic upon the walls of the arterioles and the cardiac tissues. Ihir- 
ing the inhalation of chloroform it was noticed that, after the brief initial 
rise of pressure, there was a steady fall of the mercurial column. This 
phenomenon was oft«n absent, or occurred iu less degree during the inha- 
lation of ether. The Committee of the British Medical Association {Bril. 
Med. Jount., pp. 957 to 972, December 18. 1880) observed that the effect 
of ether upon the heart "is simply to produce a retardation of the im- 
liulaes" after artificial respiration for five minutes. Thia committee also 
verified all previous observations of the comparatively slight effect of ether 
upon blood-pressure during normal amestiiesia. Death from ether was 
usually found to result, in the auimals subjected to experiment, from fail- 
ure of respiration. This failure appears to be the consequence of para- 
lysis of the pulmonary circulation, occasioned partly by direct medulhuy 
paralysis and partly by a local action of the auGesthetic upon the struc- 
tui'e of the lungs. Experimenting with chloroform, ethidene dichloride, 
and ether, the committee found that these three substances produced 
identical changes in the lungs. Their experiments were performed upon 
frogs wliich liad been auieethetized. Having opened the thoras eo as to 
expose the hmg, ana-sthesia was mcuntained by means of artificial respira- 
tion of air charged with a definite quantity of the omesthetic vapor. The 
process of circulation through the lung was then observed with the aid of 
the microscope. By this method it was possible both to study the changes 
which occurred during the whole course of eveute, and to compare the ef- 
fects of different anaesthetics. When placed iu an atmosphere of eth 
eight and one-half minutes were required in which to overcome reflex actii 
Iu au atmotiphere of ethidene dichloride, five minutes were consumed 



I 





the iuH»)mpU8hment of tbe same reeult, wliile in chloroform vapor onl; two 
and one-quarter mioutes were requisite. " 500 c.c. of ether vapor were 
given (by artificial respiratioo) before the circulation in the large vessels 
of the lung could be stopped (time twelve minutes), whilst the capillary 
circulation required 175 c,c. (time 110 seconds) before any change could 
be noticed, aud 300 c.c. to make it atop completely " — the pulse in the 
meanwhile having fallen from 24 to 6^ per minute. "The frog was now 
made to inhale air. When 150 cc. had been given, the circulation began 
to be re-established in the larger vessels, the pulse being nine per minute, 
and, when the air passed into the lungs, amounted to 200 cc; the capiUair 
circulation also returned to what it was before the ether was given artih- 
cially. Chloroform vapor was now given for ISO seconds to the same frog, 
with the following results : in fifteen seconds a marked change was ob- 
served in the capillary circulation ; in thirty it stopped ; and in forty-five, 
the flow through the large vessels ceaseil." 

The comparative results of these experiments are given by the committee 
in the following table ; 






t. Time reqtiirsd to prodDos mmplats atoppage ut 

poliooDikTy oirculAUori - 

8. Amoimt of uiBAtbetio vnpor employed 

8. lie quutity of ur neoeuuy to re-Mt*blUb cit- 

4. iWe oocupiid io rotoring the oirDnUtiou 

5. Heut'a impulua before artitioal renpintion 

& Heart'e impulaea when otrcutBtion lui atopped. . . . 
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The superior safety of ether is fully indicated by every item in this 
table. Its inferior energy is shown by the relatively large amount of vapor 
and of time necessary for the production of the given result— arrest of pul- 
monary circulation. Its safety is illustrated by the relatively small amount 
of air and of time necessary for the revival of that circulation. The man- 
ner in which circulation is arrested in tiie lungs was thus described by tbo 
committee : 

" When aan:sthettcs are administered in excessive quantities, the first 
change noticed in the circulation in the lung is a diminution in the rapidity 
of the flow in the capillaries ; and this, notwithstanding that the number 
of the heart's impulses remidn unchanged aud the circutatiou through the 
larger vessels is unimpaired. Very wbortly after this, instead of the flow of 
blood being constant, it gi-adually becomes intermittent— first in the capU- 
lariea, afterward in the arterioles, and subsequently in the larger vessels. 
This intermission in the flow of blood is followed by a swinging to-ond-fro 
movement of the corpuscles just previously to the stoppage of the circulation 
through the capillaries. It must now be observed that the stoppage of the 
circulation in t!ie lung tates place first in the capillaries, then in the arteri- 
oles, and, last of all, in the larger vessels ; further, that the soquenfe in re- 
covery is exactly the reverse. Again, it is to be noticed that the circulation 
in the foot stops — not previously to, but shortly after, that of the lung; 
and in its re-establishment never occurs before, but always subsequently to, 
the restoration of the pulmonary circulation." 

The cause of these phenomena in the lung is by the committee attri- 
buted in part to impairmeot of cardiac vigor, substituting an intermittent 
current for the continuous !iow of blood whicli traverses the lungs under 
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Donoal conditions. A certain portion of the effect is, however, to be attribf 
atoU to a local resietance fo cli'culatdoD tleveloped in tlie pulmonary tiOi 
suett t)y the direct action of the aniesthetic substance, changing the ord^ 
nary reltitjonHhip between the blood-corpuscles and the walla of the capillaHJ 
veBttels. The retarded evolution of similar phenomena in the vreb of Xh^ 
foot may be explained by the remoteness of that network from the poinl 
of gaseous reception and eichange in the lungs. 

The eflect of ether ui^n the pulse is best illtistrated by reference tb 
sphygmo^raphic trtu.-ing& taken from any one of the larger arteriea of tM 
body. The following series was taken from tlie carotid artery of a healtln 
dog weighing four and one-tudf Idlogramiues. j 

The dog was properly confined upon his back, July 10, 1880, the ri(W 
carotid artery was laid bare in the neck, and the spnygmograph mw w 
plied. The tracings were taken as rapidly as the plates could be conveiai 
eutly adjusted for that purpose. Ether was administered uimn a cloth, and 
was urged sji vigorously as possible, for the avowed purpose of lulling thfi 
animal. Death occurred twelve minutes after the commencement of inh^ 
latiou. Ilespiiation ceased before the heait stopped. 

1, — Imiuciimiely before the commencement of inhalation. 

2. — Commencement of inhalation. Atiirrml attempting to struggle. 

3. — I'rofound and'atbeeia. 

4. — Shght rallying. Heart weak and irritabk-. 

fi. — OontiDued fuuestbesia. 
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6. — No cliaiigt;. 
7. — DiminisLiut' cardiac vigor. 
8,— Riipiil fniloi-e of the hfiirt. 

lO.^DiminishinR art«rial elaBticity, eliown by rounding of tlie apiwe o 
the curves. 

11.— In artuiiU./ unnii^. 

l:i. —Immediately after tlie fiiml cesBation of respiration. 

Tbe next series of pnlse-purves was taken from the railial arteiy of ii 
yoy, aged eight yeara, sufl'ering with caries of the hii>joint, for which ttu 
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Operation of resectioa was performed. The patient breathed the rapot o£ 

bour. 

1. — Inimediatelj- before the commencement of inhalation. 

2.— Immediately after the commencement of inhalation. 

3. — Patient anoring and insensible. 

4. — Ether withdrawn. Patient still snoring. 

S.— luhnlatiou renewed. Operation in progrpH.s. 

6. — Operation atill progreaainf;. 

7.— Operation concluded. Ether withdrawn. 



8. — Htii! corujiletelj' i 



sible. Exhibits uvi.k-i 



10. — Iinniei.iiat«ly nfter vtiRiitiii;,' ami recovery of couscioiisueHH. 
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H, — Tweuty hours after ojieriitiuu. I'liJae, 130; tempcratiuT, lOO.o^F. 

Tbe foregoing Eeriee adrQirably iUustnites the contrast between the ef- 
fects of etiier and of cliloi'oform ii[)on the heart and tbe artehul walls. 
During the luottt profounci insensibility the ascendin;; branch, of tbe curve 
maintaiiiB its original angle with the perpendicular, showing tlutt the ven- 
tricular contractions have loBt none of their relative vi|;or. The ft]>ex of the 
curve loses none of its natural aharpnesa, a fact which shows that the auc- 
^^Hsion of movements — contraction of the arterial muscles— is not retarded. 
The diminiBhed height and length of the curve exhibits the diminished sum 
of motion bberated during each individual contnurtion and dilatation of the 
heart The enfeebtement of the circulatory- apparatus is further illustrated 
by the almost total lUsappearance of the waves of oscillation and recoil when 
the patient (No. 3}was most profoundly insensible. The preat and speedy 
improvement in the concUtion of the organs of circulation is well illustrated 
by Uie traeiug (No. 4) taken immediately after the readmission of pure air 
into the lungs, and by the tracing (No. 7) which followed the final witli- 
dnwol of the ani£sthetic. 

Another evidence of the minor degree of depression following the use 
(if ether, oa compared with the effect of chloroform, is shown by the redness 
of tbe face wtiicli so long persists during inhalation of tlie former agent 
Under the influence of chloroform the countenance becomes pale, in conue- 
sequence of diminution of the cutAneous circulation. 

Bee^iration is almost invariably disturbed by ether to a degree beyond 
the corresponding disturbance of the heart The initial efiect of inhaling 
an BtmoBphere well charged with ether vapor is an arrest of inspiration. 
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ttfeels a Hesse of auffocation, imd suatcliee at the inhaler, striTl 
Sope from the vapor. The coDsidemble increase of pharyiigo-tr»i 
cheal mucus, wliicb soon follows, frequentlj exciteaa cougL Tracheal raW 
ties are frequently audible. The rate and depth of respiration may v 
esceediEgly, until complete unconsciouanesa ushers in the stage of di 
and regular respirations. When death occurs, respiration almost invaria- 
bly ceases before the heart ia arrested, ^^Tien death occurs under the in- 
fluence of chloroform, the reverse may be apparently true. This tendenoj 
of chloroform to produce paralysis of the heart isconclusively exhibited w 
the researches of Schiff, who, in the course of not leas than five thoiisaua' 
expenments ujmn animala, observed great diminution of blood- pressurs; 
when chloroform was adminiatered, even though the movements of res[»-- 
ration presented )io clmnge. When, on the contrai^, ether was employed,* 
there was no special failure of blood-pressure until respiration hud been 
greatly enfeebled and deranged. 

The bodily temperatnre is reduced by the action of ether. AmoQg< 
twenty cases observed by Kappeler the avenge diminution of lemperatur*' 
was 0.68° C. The minimum fall was 0.3° C; the masimum was 1.5'= a , 
Among twelve cases imcomplicated by any febrile movement, the averaga 
fall WHS 0.52° G. Ii^ thirteen of the nineteen cases, iu which the commencA<^ 
uient of heat-depression was noted, the mcrcuiy began to descend when 
inlinlation had been continued for ten miuutea. In five instances fifteen 
minutes, and in oue instance twenty minutes elapsed before any depresaicHL 
was noticed. The shortest time in which the greatest fall was reached wo^: 
twenty minutes after the commencement of inhalation ; the longest time wwr 
two hours. It was always remarked that the greatest depression of tem-t 
perature accompanied the moat abundant use of the anaesthetic agent an4. 
the most profound auiKsthesia. The only cases in which elevation of tem- 
perature is observed are presented by patients in whom, for a brief period ■ 
during the stage of excitement, an increased muscular activity liberates » 
shght increase of heat. 

It is frequently observed that the initial stage of excitement is more 
protracted during inhalation of ether than when chloroform is used. This, 
however, depends chiefly upon the amount of vapor with which the re- 
spired air ia charged, If allowed to evaporate rapidly from a cloth held 
loosely before the face, much delay and considerable excitement will be ' 
thus occasioned. But if the towel be covered with a cone of paper or of I 
leather, or if the inhaling apparatus recommended by Mr. Clover be ' 
used, very little delay, and no waste of ether, ^vill be experienced. By 
this method at least three-fourths of the ether can be saved, and complete 
antesthesia can be induced in from two to six minutes. Sufficient satura- 
tion of the air ivhich passes into the lirngs is all that is needed to c 
short the period of excitement. 

The condition of the pupils ia variable during the progress of etherizA- i 
tion. They are not as uniformly and as closely contracted during the pft< 
riod of insensibihty as when under the influence of chloroform. There i^ ; 
consequently, less notable dilatation of the pupUa when the patient awak- 
ens from the sleep of etlier than aft«r chloroform. This ia dependentupon i 
the minor degree of paralysis of the oculo-motor nerves, and upon the bet- ; 
ter condition of the cerebral circulation which is maintained during a 
thesia by ether. 

The increase of secretion which ia efiected by the inhalation of ether ia 
illustrated by the moisture of the skin, which soon becomes apparent, and 
*- later discharge of aaliva and mucus into the mouth and phaiynx. 
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The increased flow of gastro-iatcstmal fluids hns been already signalized 1^ 
phj'siologists. 

Vomiting conatitutes one of the most disagreeable phenomena in con- 
nection with the use of ether. It was observed in twenty-five per cent, of 
the cases recorded by Kappeter. Children are more liable than adults to 
this accident. It is very likely to occur if the stomach is distended by a 
recent repast. It ia always advisable, when prepaiing a patient for opera- 
tion, to secure an interim of four hours between the last meal and ths 
commencement of inhalation. The food taken at that time should oonsist 
of liquids an<l semi-solids, such as gruel, milk, tea, Boft puddings, and well- 
soaked bread. By this means one of the causes of death from ether — suf- 
fociition by the passage of food into the trachea during the act of vomiting 
—may be almost wholly obviated. 

The period of recovery from ether is often marked by distressing' 
symptoms. Vomiting is sometimes very persistent for maJiy boui-s after 
the operation. Headache is not uncommon. Great prostration may be 
usually assigned to excessive loss of blood or to previous diBeuse. Some- 
times there ia considerable cerebral excitement. The patient may talk 
wildly, accentuating his remarks with furious gestures and savage gri- 
macea Hysterical phenomena are not unusual among the gentler sex. But 
Buoii excitement is generally of brief duration. The patient passes into & 
state of natural sleep, from which he finally awakes to complete self-con- 
trol. It mny. however, require another day to disHipate all the disagree- 
able effects of the intoxication. The smell of ether frequently clings to 
the person for twenty-four houi-a, or even longer. 

Severe and persistent neuralgia sometimes follows the recovery of con- 
sciousness after inhalation of ether. Prof. K L. Holmes states that, when 
a student, in the city of Boston, his attention was called to this fact by 
tlie Inte Dr. Edward H Clarke. Since then he has observed three coses 
in which this was one of the sequelm. In one instance, a young woman, 
who had inhaled ether for an operation upon the eye (strabismus), suf- 
fered for three months afterwMiJ with excessive pain, numbness, and 
jwresis affecting the outer aspect of the left forearm and finger. A mid- 
dle-aged woman also experience<l similar pain in the left arm and shoulder 
for more than three months. A third female also suffered for a number 
of weeks in the same way, with severe pain in the shoulder and neck. 

The inflammability of ether renders great caution necessary in its em- 
plojinent at night, or in the neighborhood of anj' incandescent body. It 
is for this reason that hydrobroraic ether, by reason of its comparative 
incombustibility, has been proposed for operations necessitating tlie use 
of the ftctnal cikuterj'. It is recorded that, in several instances, patients 
and surgeons have been severely burned through neglect of this precau- 
tion. 

That the inhalation of ether involves a certain amount of danger is 
true. Death has occasionally followed its use. As already indicated, the 
principal peril lies on the side of respinttion. It sometimes happens that, 
during the progress of inhalation, the pulse becomes feeble and the coun- 
tenance grows pale, while respiration assumes an irregular and superficial 
character. This is a moment of real ilonger. But. fortunately, tlio read- 
mission of pure air into the lungs is almost invariably followed by a prompt 
revival. Such depression verj- rarely occurs, and it is generally asso- 
ciated with some profoumlly exhaustive condition of cachexia. The only 
instance of this character that ever came under my own observation was 
the case of a man, twenty-eight years of age, undergoing etherization for 
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the puipose of es&minatioQ of on encephaloid tumor gituated witliiii tlMl 
rectum. Before tlie induction of anaesthesia was complete, liis muscles 
became rigid ; his face was pale and covered nith sweat ; the pulse was 
rapid and almost imperceptible ; respiration was exceedingly irregular 
and superficial. For several seconds death seemed inevitable, but by the 
aid of artificial respiration he soon revived. In this connection it is worthy 
of remark that, of the eighteen fatal cases collected by Tumbull, two, and 
perhaps three, were cancerous patients. Of the thirteen cases recorded by 
Knppeler, two, and probably three, were also cancerous. My own collec- 
tion contains four, perhaps five, such casea 

Jjooal application of ether to the surface of tbe body produces rapid 
refrigeration, vrith a sensation of cold, and a diminution of sensibility in 
the part if evaporation is encouraged. If, on the contrary, the vapor ia 
•confined in contact with the sldn, considerable burning pain, associated 
"with an erythematous redness of the surface, will be experienced. Ap- 
plied by means of Richardson's spray-producer, the part may be super- 
fioially frozen, so that minor surgical operations may be performed without 
pain. This method, however, has its disadvantages, which have been dis- 
cussed under the head of local ansesthesia in general. 

Ether may be safely used by hypodermic injection. Thus adminis- 
tered, in doses of two to four cubic centimetres, it is rapidly diffused and 
operates as a powerful stimulant. Patients may thus be rallied from pro- 
found collapse in which the heart-sounds are scarcely audible. Thismetliod 
-of procedure is preferable to administration by the moutli in cfises of car- 
<liftc debility, for the reason that the estreme volatility of tlie liquid occa- 
sions its almost instantaneous conversion into vapor within the stomach. 
Displacement and compression of the heart thus produced might add to 
the dangers under which the patient was laboring. Distressing eructAtions, 
followed by sensations of sufl'ocation, usually result from the entrance of 
ether into the stomach. H. C. Wood, for these reasons, recommends its 
administration in ice-cold water. The hypodermic method, however, avoids 
all these difficulties, furnishing a stimultmt more rapidly diffused than al- 
cohol, and less dangerous than chloroform. This metJiod will be found 
very useful in aU cases of neuralgia associated with great depression, such 
as angiospastic hemicrania, angina pectoris, gastralgia, renal and hepatic 
colics, etc. It is exceedingly useful in cholera, and in other diseases which, 
by reason of frequent vomiting, prevent the administration of restoratives 
and stimulants by the mouth. 

Ether has occasionally been injected into the rectum for the relief of 
intrapelvic pain of aU kinds. Here, again, the rapid vaporization, and tlie 
burning sensation excited in the mucous membrane of the intestine, serre 
to limit its use almost exclusively to the destruction of oscarides. 

Theoretically, the use of small doses of ether should facilitate digestion, 
by exciting the secretions of the alimentary canal ; but, as a matter of fact, 
it has been found that the disagreeable effects of ita vaporization in the 
8t<.>mach are more than sufficient to counteract the supposed benefit accru- 
ing fi-om its use. The ethers contained in good wine are generally found 
more beneficial in such cases. 

For the relief o( toothache, ether is often used with camphor as a local 
apphcation to carious cavities. Mixed with sweet oil and laudanum, and 
apphed by saturation of a pledget of cotton- wool introduced into the exter- 
nid ear. it is an efficient means of relief in cases of neuralgic earache. Cer- 
tain cases of deafness dependent upon rheumatic inflammations of the inner 
■ear are said to have been much benefited by the vapor of ether. Hysteri- 
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ciJ spaama and oontracturee may be easily overcome by its use ; and 
maliugermg may sometimes be thus detected. ^Vhooping-cough haa been 
arrested by the induction of complete tuneBtlteeia with ether ; and all forma 
ot spasmodic cough are greatly benefited by its use as an adjuvant to other 
remedies. The local appUcation of its spray by projection against the spine 
lioa been recommendetl in chorea ; but, thus used, its effects are generally 
too evanescent to be of any great value in the treatment of this disease. 



CASES OP DEATH CAUSED BY THE INHAXATION OF ETHEB. 

1. A man, fort3''five years old, was operated on for cancer of the breast, 
after having breathed sulphuric ether, and died during the operation with 
e%-ident symptonis of asphyxia. The ether was inhaled from n Charri^re's 
apparatus, " The want of care in administering the ether, which was given 
in a manner lilcely to produce asphyxia, and the insufficient means used for 
the restoratiou of the patient, sufficiently explain the cause of death." 

Such is the opinion of the Boston Conuuittee. Perrin and Lallemand 
ivlate the case with greater completeness (" Trait'3 d'Anesth^sie Cliirurgi- 
cale," p. 250) : The patient, after inhaling the vapor for two or three min- 
utes, became violently excited. At the same time his respiration was 
hurried, and his face was vividly injected with blood, ^Vbile endeavoring 
to free his mouth from the inhaler, be kept up itn indistinct uttei-ance like 
that of a drunken person. At the end of five minutes of such excitement 
the skin was still sensitive to the prick of t% pin. He was accordingly made 
to inhale as large a quantity of vapor its the apparatus would yield ; and, 
at the expiration of ten minutes from the commencement of the inhalation, 
the patient was completely* insensible. His breathing was deep and slow, 
but not noisy ; his face and the anterior surface of the chest were purple ; 
the pupils were dilated and immovable ; tlie eyeballs were rolled upward 
under the upper eyelids. Tlie inhaler was then removed, and the sui^eon 
hail just made his first incision, when the countenance changed, and the 
respiration slackened. The pulse, then noted for the first time, was full, 
soft, and very slow. Suddenly it ceased to beat, and all was over. 
Autopsy, twenty-two hours after death. — The smell of ether pervaded 
every portion of the body. The blood was everywhere fluid, very dork, and 
viscous, resembling molasses in the posterior portion of the lungs. The 
anterior portion of the lun;:^ vaa filled with &othy mucus. The respira- 
tory mucous membranes exhibited a lively injection ; the spleen was verj- 
Boft, — Figuier, Auxerre, France, 1847 ; " Report of the lioston Soc. for 
Med. Improvement," October 2-i, IStil, 

2. Mole, seventy years ; anfentic. Gangrenous ulceration of the leg, ne- 
cessitating amputation. Ether was inhaled from a jar with an o])ening large 
enough to include the nose and mouth of the patient. The operation was 
completed, but the arteries were not tied when the indications of approach- 
ing death were noticed, which shortly occurred, with symptoms of syn- 
cope. There was no hemorrhage. Avtopay negative. — De Oettingen, 
Dorpat, Russia, 1847 ; *' Report of the Boston Soc," loc. oil. 

3. Male, suffering with tetanus. It was proposed to apply the actual 
cautery. Ether was given by a dentist. The pulse was good, and there 
were no signs of on immediate extinction of life. In one minute the 
patient was under its influence ; in a quarter more he was dead beyond 
all efforts to produce artificial respiration or to restore lifa All present 




L 



S90 ABTIFICIAI. AN'.fSTHESIA AlfD AN.SSTHETI09. 

tlioaglit he died from mlialing eUier. — J. Y. Baasett, Alabama, 1817; 
"Report of the Boston Soc," Inc. cU. 

4, Female, fifty-three years. Suflering with an 08t«o-sarcoma of the right 
wpper jaw. She was cachectic and feeble. Ether wae given from a epongo 
placed in a bladder. Wbeu anuisUieaia was complete, the sponge was re- 
moved, and the operation was commenceil. After a minute or two respira- 
tion suddenly stopped. The pulse could not be felt at the wrist, and the 
cardiac impulse was doubtfuL The face was pale, the eyes were fixed. 
Artificial respiration and tracheal insuiUatiou produced uo effect. The 
quantity of ether which had been used did not exceed thirty grammes 
(one ounce). Hemorrhage had been very shght, and no blood had entered 
the pharynx. — Barrier, Hotel-Dieu, Lyons, France, September H, 1852; 
Perrin : "Trait6 d'Anesthfsie," p. 252. 

6. Male, thirty-two years ; much addicted to drink. Sustained a com- 
pound fracture of the left leg, tlie tibia protruding an inch. Five days after 
the accident, delirium tremens appeared. On the second day of the attack 
the patient's wife was told that he could not hve. He was exhausted, 
bathed in perspiration, and had a feeble and rapid pulse. The deliriua 
was such that the house pupil undertook to etherize him. He made the 
usual struggle, and had some opisthotonic spasma The ether had been 
continued some minutes, when the breathing was noticed to be abdominal, 
although the pulse was quick and sufficiently strong. Within a quarter 
or half a minute the pulse suddenly ceased ; the lips were not blue, and 
the head and hands were warm. No efforts to restore life were of anj 
avaiL Aulopxy. — The subarachnoid fluid was more abundant than usual 
Brain healthy. Heart soft and flaccid, containing yellow coap^ula in tho 
right caritiea, and a Bmall quantity of fluid blood in the left No valvular 
disease. The liver was fatty. The kidneys and other organs were 
healthy. — Mass. Glen. Hospital, Boston, TJ. S, A-, 1855 ; loc. dl. 

6. Female, twenty-seven years, entered the honpital on account of an in- 
tense and persistent headache. For four or five weeks she had exhibited 
a tendency to roll out of bed, invariably to the left side. Inhalation of 
ether was the only thing that reUeved her suffering. It was given in doses 
of two or three drachms without unfavorable result. Three months after 
her admission to the hospital, she inhaled ether, as she hod previously 
done. After a few minutes, respiration suddenly ceased, and her counte- 
nance became shghtly livid, though the pulse continued to beat rapidly 
and with considerable vigor. Artificitd respiration was maintained during 
seven hours. The pulse remained perceptible for twenty minutea and 
then stopped. The livid color yielded to a brighter hue for several boors ; 
but, in spite of every effort, the patient could not be revived. Autop^i/. — 
The right hemisphere of the brain contained a tumor. The blood was 
everywhere dark and fluid. The veins of the head contained a consider- 
able quantity of air. — Alonzo Clark, Bellevue Hospital, New York, 1859 ; 
hic. cit. 

7. " A very large, old scrotal hernia had become irreducible. Inhalation 
of sulphuric ether was resorted to, and, white the patient was under its full 
influence, the hips being raised, and the head allowed to be forcibly flexed 
upon the cheat, taxis was resorted to. The large mass of intestiiies very 
suddenly receded into the abdomen, and juet at that moment the patient 
was noticed to be in a dying condition, from which he could not be recov- 
ered."— New York, imO; loc. cil. 

Another very similar case, which is probably only another version of 
the same case, is given (Case Mo. 23) in the " Beport of the Boston Uode^." 



I 



I 



8. Female, forty-eigbt ^rears ; of feeble coimtitutioii. Application of a 
splint for chronic bip-diseoBe. Fort; grammes (a little more tLau an 
ounce) of ether produced insenaifaility. Two or three minutes after the 
inhalation had ceased, respiration became embarrosaed, the lips grew pale, 
and the pulse could not be felt. Lowering the head, and cold aiq)ersion of 
the face restored the patieDt,but scarcely had she been carried to her bed, 
a quarter of an hour after this first syncope, when another attack come on, 
and in spite of artificial respiration, electricity, etc, ehe never rallied. 
Autopni/.—The air-passages contained mucositieB ; the base of the left lung 
wue hyper.umic, the pulmoaary tissue itself being impregnated with the odor 
of ether ; the heart was normal, its ventricles empty, its auricles gorged witii 
blood ; the nervous centres were healthy, exhaling a slight odor of ether ; 
the spuial cord was compressed by a mass of tuberculous matter, seated in 
the seventh and eighth dorsal vertebr.e. Advanced disease of the hip-joint 
existed on one side, while on the other, the joint was tilled with blood from 
a recent fracture of the neck of the femur. — Laroyenne, Lyons, France, 
May 1, 18fi7 ; Mi^. Times and Gai., p. 633, June 8, 1867. 

9. A feeble old man, a drunkard, greatly debilitated by the want of 
footi and shelter, bad suffered for seveml daja with a strany;ulated hernia. 
After etherization, it was found impossible to return the gut, and hernio- 
tomy was decided ujion. The patient ha<l been etheiized for a considera- 
ble lengtti of time, and inhaled badly. 8oon after the commencement of 
the operation, a copious bronchial secretion kept filling his mouth ; and, 
during an effort to expel this a large portion of the bowel was forced out ; 
respiration became labored, the pulse faltered, the mucus could no longer 
be expelled, and asphyxia was rapidly developed. Electricity, and other 
restorative meosui-es, were tried in vain, and the patient expii-ed on the 
table. — Morton and Hewson, Philadelphia Hospital, 1867 ; Ani. Jour. Med. 
tfci., p. 415. October, 1876. 

10. The operation was to be an amputation of the thigh for gunshot wound. 
An ounce of ether was at^lmiuistered on a email napkin in a bowl, which was 
placed over the face, and one or two dnkcluus were added every two or 
three minutes. In about ten minutes amesthesia was induced, and the 
ether was withdrawn. Slight sensibility returning, the ether was renewed 
with the desired effect, and was again suspended. The surgeon then 
ordered the napkin to be reapplied with a drachm of ether freshly poured 
upon it. After one or two inspirations the patient ceased to breathe. — 
Bumham, Lowell, Mass. ; llonloii Med. aiul Nurg. Jour., December 8, 1870. 

11. Male, sixty-eight years, fracture of left femur just below the trochan- 
ter. About three weeks after the accident it was decided to apply a plaster- 
of-Paris splint Ether was given slowly, and insensibility was complete at 
the end of about ten minutes. A few turns of the bandage had been made, 
when respiration became rather frequent and gasping. The pulse, how- 
ever, was full and regulai-. The thorax wa^ compressed two or three times, 
and the breathing again became uormaL The amesthetic was now with- 
drawn for about five minutes, until the patient began to move, and to ex- 
hibit rigidity of the muscles. Ether was again adminiatered, but after a 
minute or two the pupils dilateil and respiration ceased. The heart still 
continued to beat. Artifiml respuation and electricity, though continued 
during forty minutes, failed to arouse any spontaneous respiratory effort 
AutopKi/, three hours after death.— Bloo3 fluid ; brain and membranes nor- 
mal : a Uttle fluid blood In the heart, base of the aortic valves slightly 
atheromatous ; pleural adhesions over both lungs ; lower lobe of right lung 
(edematous, and in a state of re<l hepatization ; rest of the lung nomud. 
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but somewhat emphyHematous ; liver small and firm ; other oi^ons healtbjTi 1 
Sii ounces of ether had been used.— Diuuiiug, Bellevue Hoqrital, New ' 
York. August 20, 1872 ; i/wi. Jler-oriJ, p. 411, October 1, 1872. 

12. Mole, fourteen years, atnuuoua, had suffered from repeated KttackH 
of comeitis. Iridectomy was to be performed. Patient wna much alarmed 
by the prospect of an operation. Half an ounce of ether was first given on 
a sponge in a cone of apougiopilin, closely applied to the mouth and nose. 
After a few minutes, tliree drachms more were poured on the sponge. The 
patient soon began to struggle violently, becoming almost opisthotonic, 
and his face was intensely flushed. The pulse now became verv- feeble, 
and the an.'esthetic was discontinued, wheu, as the pulse improved, th« 
brief operation was j>erformed. Before the eye could be bandaged, the 
pulse become imperceptible, breathing ceased, and the face grew livid. The 
tongue was at once drawn out ; the calves of the legs were flagel]at€d, and 
the chest was slapped with a wet toweL This caused the patient to breathe 
and to ciy out lustily, and to kick about upon the table for about a min- 
ute ; but the pulse did not reapj^ear, and respiration soon stopped again. 
Artificial respiration and faradization of the plirenic nerve were employed 
in vain for about three-quarters of an hour. A utopsy. ^The right cavity of 
the heart was full of dork fluid blood, the loft cavity was nearly empty, the 
valves were healthy, the muscular substance flaccid ; the lungs were hy- 
penemic, and brightly colored ; the brain was normal ; all the other organs I 
were healthy.— itoyal South Hants Infirmary, October, 1873 ; Brit. Med. | 
Jijitrn., October 11, 1873. 

13. Male, fifty-four yeors, resection of the jaw on account of caries of 
the bone. After the jmtient hod been fully etherized, an incision was made 
over the jaw, and four teeth were extracted. Almost immediately the face 
became blue, and the patient died, in spite of artificial respiration and ^ 
electricity. The autopsy gave no information concerning the cause <rf _ 
death. — Boston Med. and Surg. Journal, November, 1875. J 

11. Male, removal of a necrosed portion of the superior uaullo. Two ' 
and one-fourth oimces of ether were given. After the patient liad become 
insensible, an incision was carried through the hp, and extended over the 
upper jaw, when the man became cyanosed, and died. Inversion was per- 
formed without effect. Death occurred ten minutes after the commence- 
ment of inhalation. Autiy)sy. — No trace of blood in the trachea ; the lar- 
ynx was oedematoua ; the heart was fatty, and weighed sis ounces. All I 
other organs were healthy. — Finnell, New York Homa^opathio Hospital ; 
New York Med. ./ourn., February, 1876. 

15, Male, sevcDty-four years, exceedingly eorjiulent. Operation for 
cataract. Ether had previously been given for an iridectomy ; on which 
occasion respiration had been arrested, while the pulse continued good, 
but pressure on the chest hod immediately aroused the breathing again. 
The patient had a slight bronchical cough, and was osthmatiu. On the 
present occasion Sc^uibb's etlier was inhaled from a folded towel in a paper 
cone, until half a pound had been used, when a violent cough commenced. 
The face became livid, and respiration ceased. The pulse was also failing. 
Depression of the head, and artificial i-eapiration immediately restored the 
patient, and the opei-ation was safely perfoi-med. This did not occupy 
more than two minutes, including the appUcation of the bondage, when it 
was noticed that the patient had again stopped breathing, and the pulse 
was very weak. The restorative measures were renewed, and moutii to 
ID' ~ ifilation was attempted ; but at the expiration of obout one min- 
ids of the heart could no longer be heard, and the face was 
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very darkly diBColored. Artificial respiration wae continued for on hoiir 
and a quarter, without result. No autopsy. — Holmes, Eye and Ear Infir- 
mary, Chicago ; Chicago Med. Joani., p. 411, March 27, 1876. 

16. Male, twenty-eight years, railway laborer. Amputation of the £e- 
mnr, for a compound fracture. After the completion of the operation, as 
the patient woa recovering consciousnesB, he exbibltod signs of nausea. 
Brandy was given liim, but thin was followed by severe vomiting, and by 
symptoms of auphyxia. Half-digested food wns removed from the moutJi 
without relief, so tracheotomy was performed, and an efibrt wns made to 
clear out the trachea, but in vain. The patient died of suffocation. — House, 
ilay'n Hospital ; Brit. Med. Journ., September, 187G. 

17. Female, adult Incision of the cervii uteri. Death occurred soon 
after the commencement of the oi>erotiou. The autopsy revealed Bright's 
disease, chronic pleurisy, and obstruction of the pulmonary artery.— Hin- 
clair : Brit. Med. Journ., October, 1876. 

18. Female, married. A recurrent tumor of the breast, which hod been 
twice previously extirpated under ether. Ether was administered for the 
third time, in a conical inhaler. During inhalation the pulse improved iu 
volume and force. About twenty minutes after the operation was com- 
menced, the pulse, which had been failing all that time, became extinct, 
and the respiration was irregular. Hypodermic injection of brandy, lower- 
ing the head, and artificial rcHpiration reuved the patient so that she 
seemed to be conscious, and the operation was completed without ether. 
After a few minutes she vomited, and died, in spite of every efibrt to save 
her.— Robinson, Fayetteville, N. C; Virginia Med. Monihl;/, April, 1877. 

19. Male, sixty-nine years ; much exhausted by a strangulated hernia 
of three days' duration. Two drachms of ether wei-e administered with 
Clover's inhkler. He did not take it well, and struggled violently. Air was 
then admitted freely, but, though respiration continued a short time, the 
puhto became weaker and finally stopped half a minute before the breathing 
ceased. The patient had been previously exhausted by vomiting before 
the opei'ation, and the abdomen was tj'mpanitic. Autopsy. — Heart flaccid 
tJuvughout ; lungs emphysematous ; bronchi filled with muoo-purulent 
matter ; internal incarceration of the intestine. — London Hospital ; Brit. 
Med. Journ., May 26, 1877. 

20. Female, forty-eight years. Cancerous tumor of the left breast 
Half an ounce of brandy was given just before the commencement of inha- 
lation. Half an ounce of ether was then poured into tlie inhaler, wliich con- 
sisted of a bag of muslin covered with a leather case, having a valvular open- 
ing at the apex, and another larger one at the lower edge. This wns held 
lightly over the nostrils. 8he clasped the hand of the surgeon, and almost 
immediately called out his name in a semi-conscious manner. She then 
drew two more inspirations, when her face became livid, and the pulse 
ceased at the wrist Draiving out the tongue, turning the body on its 
aide, and cold afiiisions upon the chest caused several forcible inspirations. 
These were repeated with diminiiihijig vigor and at greater inter«^ ; but, 
in less than fifteen minutes from the commencement of inhalation, uU was 
over. Aiitojmi. — With the exception of a number of small cancerous 
nodules in tlie lungs and ovaries, there was nothing to account for the 
death of the patient — Geo. M. Lowe, Lincflln, England, November 5, 1877 ; 
BrU. Med. Journ., p. 692, November 17, 1877. 

21. Male, over fifty years ; coal-porter. Strangulated hernia during 
four days previously, lliere had been complete obstruction of the bowels 
and fecal Tomitiiig. About ui ounce and a half of ether was given. Tlie 
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patient oame rapidly under ita influenoe without any bad aymptonis. Dur- 
ing Uie local exomiaatioa reBpiratioD was regular, and the pulBO was good, 
until about six minutes after the couiuencement of inbalatioii, a sudden 
Hpasmodic inepiratory sound was heard, as if he were choking. The tongue 
WHS immediately drawn forward, but respiration had ceased, though the 
pulse continued to beat for another half minute. Silvesterism was em- 
ployed for quarter of an hour, in vain. During the artificial respiration 
some fecal matter came up into the mouth. AulopBy.—hett ventricle con- 
tracted, heart healthy ; lungs extremely hypenemic ; fecal staining of cbso- 
iihaguB and latrpx, but no such matters had been drawn into tlie lungs ; 
iver healthy ; kidneys slightly granular ; the strangulated i>ortion of the 
iutestiue eAibit«d incipient peritonitis, — London Hospital ; Bnl. Sled. 
Joimi., May 18, 1878. 

22. Male, adult. Injury of the hand, necessitating amputation of the 
lacerated fingers. The operation was performed under the inlluence of 
ether. Shortly afterward, before recovering his consciousness, the patient 
Yomited, and a portion of the vomited matter passed into the ti-aehea, caus- 
ing suffocation. Tracheotomy was ^performed, and every effort was made 
to save the man's life ; but in vain. — Northern Hospital, Liverpool, August 
9, 1878 ; Brit. Med. Journ., p. 2(16. August 17, 1878. 

23. Female, forty years ; uegreas ; five feet six inches tall, weighing two 
hundred and forty pounds. The dentist was unwilling to use any amcs- 
thetic, but, as she insisted upon taking ether, it was given. The patient 
was in a state of great nervous apprehension. About one ounce of ether 
was inhaled, in the sitting posture, from a towel There was no struggling, 
and she very quickly became insensible, Ten teeth were then extracted. 
She soon revived suihciently to speak, when she spat the blood from her 
mouth, leaned back in the chair, breathed twice, and then, with a convul- 
sive expiration, ceased to respire. Artificial respiration was continued for 
an hour. Electiicity was also tried. Aufopxy. — The heart was loaded with 
fat, but all the other organs were healthy. — L. L. Levria, dentist, Chicago, 
U. S. A., 1879. 

24. &lale, thiily-one yeai-s. Empyema. Had twice previously been 
tapped, when ninety-eight ounces of pus had been withdrawn from the right 
chest on one occaaiou and sixty-four ounces on another. The operation 
was to be repeated June 11, 1880. Ether was inhaled from a sponge. 
The patient was considerably excited, and grew pale. About three minutes 
after the commencement of inhalation, respiration became shallow, and the 
operation was commenced about five minutes afterward. There was an at- 
tempt at vomiting, and respiration ceased. The heart continued to beat 
lor two minutes longer. Artificial respiration and electricity did no good. 
AiUopgy. — Both lungs were tuberculous; heai-t healthy ; right side of the 
chest contained about three quarts of sero-purulent Hquid. — German Hos- 
pital, Newark, N. J. ; Newark Morning I{egisler, June 16, 1880. 

25. Male, sbcty-one years. Strangulated inguinal hernia. Hadbeende- 
lirions during the previous nighL His pulse was irregular and very feeble ; 
he had constant vomiting. The pulse became imperceptible, and finally 
respiration ceased. Anlopsij. — The heart-substance was slightly fatty, the 
cavities were nearly empty, no clots ; lungs emphysematous, all the poste- 
rior parts engorged with blood. — St. Bartholomew's Hospital, 1880 ; Brik 
Jfed. Jour., p. 103, January 15, 1881. 

26. Male, forty-seven years. Sufiering from intestinal obstruction, for 
which lumbar colotomy was undertaken. In the morning be hod a severe 
attack of dyspncea. The official administrator of aufestbetics objected to 
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tbe use of etber, but his advice 'was not adopted. At the time of the oper- 
ation (4 I'.M.) Uie patient was in a state of profound collapse, with a tumid 
belly, sliallow respiration, and feeble pulse. He vomited frequently, and, 
after inhaling ether tor ten minutes, became livid and never rallied. — Mills, 
St. Bartholomew's Hospital ; Jiril. Med. Jour., p. lOiJ, January 15, 1881. 

27. I N. D., male, fifty-nine years ; with a well-delined arcus senilis. 
An old iu^^iinal hernia had become strangulated the night before. This 
had excited constant vomiting, by which the patient was much exhausted. 
His countenance was haggard, and his abdomen was greatly distended, 
causing considerable dyspnosa. Sis ounces of ether were administered on 
a, towel, and were taken without excitement. When the patient bad be- 
come insensible an attempt to reduce the hernia by taxis n-as made with- 
out success. The body was then inverted for the piupose of effecting 
reduction, but this method also failed. Diu^g inversion the countenance 
became very darkly discolored. On restoring bim to the horizontal posi- 
tion, the distention of the belly seemed te have been considerably increased, 
and respiration inmiediately ceased. Death occurred suddenly, about ten 
minutesafter the commencement of inhalation. No autopsy. — Buohanand 
Strong, Chicago, March, 1S81. 

Of these 27 cases of sudden death from ether, 19 were males. 7 were 
females, and the sex of one was not recorded. In 6 cases the ether 
was administered with an inhaling apparatus of more or less compbcated 
character. The years of 19 patients, whose age was specified, were : 
14, 27. 28, 31, 32, 40, 45, 47, 48, 48, 50, 53, 64, 59, 61, 68, 69, 70, 74. 
Another was mentioned aa a feeble old man. The great majority of the 
patients were far advanced in life. The moat formidable danger in oon- 
uection with tbe ancesthetic springs from obstructions of the intestinal 
canaL Seven deaths occurred during an attempt to relieve strangidation 
or obstruction of the bowels. Malignant neoplasms rank next as reducing 
the power of resistance to ether ; in four such cases etherization proved 
fatal; and, if the cerebral tumor in the patient of Alonzo Clark was also of 
this character, the evidence is correspondingly increased. In tetanus and 
delirium tremens, ether is probably as dangerous as chloroform. Each 
numbera a death from its administration during the profound depression 
of the disease. It is evident that any previous condition of exhaustion is 
to be feared, especially if it be the result of conditions liliely to interfere 
with the function of resjiiration. 

Death, in the majority of deaths from etlier, is produced by one of the 
varieties of asphyxia. In two instances this was occasioned by the pussage 
of vomited matters into the trachea. In at least one other case it was the 
consequence of excessive mucous secretion into the bronchi. Ah a general 
rule, however, it results from direct paralysis of the respiratory centres. 
The heart often continues to beat for some time after the patient has ceased 
to breathe. In this persistence of the movemente of the heart consists one 
of the principal differences between the action of etber and of chloroform. 
Ether kills by parolysia of respiration, and then only when the respiratory 
apparatus has been already enfeebled ; while chloroform strikes down the 
heart at alniost the same instant with tbe respiratory ap]mratu8, even in 
cases where no appai-ent detect of vigor baa ever been discovered. 

Besides the possibihty of sudden death from the direct action of ether, 
another danger attiiehes to its employment in certain cases. ^Vfter the Im- 
mediately anicsthetic effects have disappeared, the patient may become de- 
lirious or comatose, or suddenly asphyxiated, and the case may result 
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fatally a nnmber of hours after the operation. The foUowing serien 
will sorre to illuBtrate this mode of lingering death. In connection with 
tlie prece^ling list, they also pla(» in a very clear light the dangers which 
attach themselvea to the use of ether in aged and feeble persons, especially 
if suffering from any accidental cause which tends to reduce vitality and to 
emhormsB respiration. For this reason, doubtless, the administration of 
ether to elderly patients witb a tendency to bronchial catarrh must always 
be att«nded with hazard, on account of its stimulant effect upon the mu- 
cous glands, producing obstruction of the bronchi. It is not yet possible 
to assert that ether is more dangerous than chloroform to old i>eople ; but 
certainly it is evident that its risks increase with the age of the subject 
to a degree which is by no means ae conspicuous in the cose of the more 
potent antesthetic. 

1. Male, eighty-four years ; feeble, Had suffered an apoplectic attack 
about ten years previously. Inhaled ether for the extirpation of sever^ 
cancerous glands in the neck. The operation occupied about twenty min- 
utes, during which ether was given intermittently. Very little blood was 
sacrificed. After the operation tiie patient seemed to be in a good condi- 
tion. Pulse, 80. Countenance somewhat cyanotic. He never fully re- 
covered consciousness, but remained in a dozed and somnolent condition, 
becoming comatose after the espirntioa of eight hours. The right arm 
eshibit«d signs of paralj^is, with convulsive movements of the right aide 
of the face, afterwM^J involving the right arm. The eyeballs were rolled 
up to the left. Death occurred, in thie conditiou, forty hours after the 
operation. A uiopsy. — The residuum of on old clot in the right hemisphere, 
but no other change in the brain ; the left carotid was pat«nt : the kidneys 
were contracted. — Hutchinson : Brit. Med, Jour., Mnrch 1, 1873. 

2. Male, an old man, weak, but not excessively so. Had undergone an 
operation which lasted three-quarters of an hour. Five hours afterward be 
hnd a violent attack of dyspnoea, and died. Food was found in one of the 
bronchial tubes. (A similar case had occurred some time preWously. A 
fat woman, while lying on her back, under ether, vomited, and some of the 
vomitus, getting into the trachea, kilted her). — Cabot, Boston, Mass. : Boa- 
Ion Med. and Surg. Jour., May 29, 1873. 

3. Mole, nineteen years ; a telegraph operator. Had partial anchylosis of 
the right knee, and posterior spinal ciu-vature with great prominence of the 
stemum. Tenotomy and forcible extension of the limb were effected un- 
der the influence of ether, June 3, 1876. About three ounces were used on 
a towel The patient inhaled well and quietly ; there was no vomiting ; 
the reapirntions were not labored ; and on removal of the napkin he rapidly 
recovered consciousness, after having be«^u imder the influence of the auKe- 
tfaetic for about twenty minutes. About fifteen minutes later, at 12.30 
P.M., he suddenly exhibited the symptoms of asphjTtia ; pulse moderately 
full, 160 ; respiration nearly ceased ; surface cyauosed, especially in the 
face and at the tips of the fingers. I^e tongue was at once depressed, and 
cold water was dashed on the chest, producing violent respiratory effbrta. 
At 1 p.iL his condition was much the same, with evidences of pulmortory 
engorgement, the throat being constantly filled with frothy blood-stained 
mucus. The action of the heart was labored. Eight ounces of blood were 
taken from the radial artery, and tlry cups were ap]ilied to the chest. This 
produced a slight improvement in respiration, and the pulse fell from 160 
to 152 ; but at 1.45 the patient was evidently sinking, and he died at 2 p.m. 
Autops}/, twenty-one hours after death. — Abdominal viscera normal ; the 
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pleural cavities contained a confiiderable fttnount (■>! oenmi. included in the 
laeslieB of an old inflnmmatoi'; network of ndliesions ; considerable serum 
escaped from tlie lungs during their removal ; both lungs were moderately 
crepitant, and pitted deeply on pressure ever^-where, _\-ielding on aection a 
p%at quantity of frothy and bloody serum; there vas no solidification or 
deep congestion of their tissues, every part floating in water ; blood fluid ; 
considerable clear serum in the pericardium ; heart quite healthy ; no for- 
eign substances in the trachea or bronchi. — Morton, Pennsylvania Hospi- 
t^ June 3, 1«7G ; Am. Jour. Med. Sd., p. 411, October, 187G. 

i. Female, thii-ty-five years. Suffering with contracted knees, for which 
forcible extension was performed, October 4, 1877. Ether was given, with 
Ormsby's inlialer, at 12.45 p.m. Verj- little was used, and anieathesia was 
procured without unfavorable phenomena. The operation was completed, 
and tbe pntieut was carried to her bed. After this she roused up, and 
spoke to the nurse, who noticed nothing unusual about her. At 2.45, 
about one hour and a half after her return to the ward, she suddenly be- 
came cyanotic and pulseless, with Mies all over the thorax. All attempts 
to rally her were fruitless, and she died at 4.15 the same afternoon. 
AiUopny, the following day, exhibited some ccdema of the membranes of 
the brain ; no Uuombosis of the pulmonary artery ; heart healtliy. contain- 
ing a httle blood in the right auricle ; ventricles contracted ; lungs pale 
and (edematous ; other organs healthy. — Saundby, General Hospital, Bir- 
mingham ; Urit. Mud. Jour., October 13, 1877. 

5. Female, twenty-six years. Fibrous anchylosis of the hip-joint. She 
had previously taken ether without ill effects, and her viscera wei'e all 
healthy. She took between two and thi-ee ounces of ether, and the ojwra- 
tiou was safely performed. She <Iid not rallj' from the ansathetic, how- 
ever, and, notwithstanding the use of stimulants, an hour and a half after 
etherization commenced she died. The autopsy revealed nothing abuor- 
moL — J. K. Levis, Jeflerson College Hospital, Philadelphia ; Medical Rec- 
ord, p. 251, February 2G, 1881. 

This tendency of ether Urns, in certain instances, to produce lingering 
death, probably belongs, though perhaps in lesser degree, to other anies- 
thetio agents. The following vtiae of death after chloroform seem to mani- 
fest similar charactensties, though easily open to sceptical objection. 

Male, twenty montha Had suffered with symptoms of stone in the 
I bladder since birth. Was pide. emaciated, and in the hobit of diinking 
' gin and porter in considerable quantity. After treatment for sis weeks 
in the hospital, he presented the appearance of a healthy child. Half a 
drachm of chloroform was administered on a sponge, and was inhaled for 
' a minute and a half. He tlien become suddenly comatose, snoring loudly ; 
respiration slow, but regular, as was also the pulse. The chloroform was 
at onoe witlidrawn, and was not renewed. Scarcely any blood was lost iu 
'' consequence of the operation. He continued asleep for twenty minutes, 
I and was then roused by applying cold water to the face. He, however, 
continued ])ale, depressed, and languid. He raUied slightly toward even- 
ing, but still appeared more depressed thau he should from the small 
amount of blood lost. On the evening of the day following the operation 
I tlicre was more reaction. He took noiuishment, and slept a good deal 
through the night. After taking some milk at aliout six o'clock, he went to 
I sleep again, and was foimd snoring at seren. He could not be roused, and 
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Boon died. Aulopsi/. — The head could not be examined ; all the 
viscera were healthy, except the kidneys, which were pule, bloodless, and 
damaged by interstitial fibrinous deposit, both in the cortical and medul- 
lap' portions. The incisions of the operation were correctly placed, and 
with the adjacent tissues were in a healthy condition. — Le Grus Clarke, 
Ht. Tliomas'a Hosiiitai, September '2i, 1853 ; Lancet, June 20, 1857. 



METHYLAL-CH/OCH,)^ 



Le Grus Clarke, 
20, 1857. ^ 

It is a product ^| 
olumes of water, 
in alcohol and 



Specific grarity, 0,8551. 
BoiHtig-point, 42'' (107,6° F.). 
Vapor density, 2.625, 

Methylal is a limpid Uquid, smelling like acetic acid, 
of the osidatioD of methyUc alcohol. It dissolves iu three ' 
and is separatei-l therefrom by potash ; it ia also soluble 
I ether (Watts). 

I Bichardaon has expressed the opinion, based upon his experiments, 

I that on account of its veiy rapid evaporation, and by reason of the leaa 

I agreeable quality of its efl'ects, methylal must be ranked inferior to cbloro- 

I fonu. 



ALDEHYDE— C,H.O. 

Ethaldehyde ; Acetio or Ethylic Aldeh'jde. 

Specific gravitj', 0.801 at 0° (32' F.). 
Boiling-point, 22° (71.G'' F,). 
Vapor density, 1.632. 




Aldehyde is a volatile liquid, produced by the oxidation and destrucU™ 
distillation of alcohol and other organic compounds. It is a thin, trans- 
parent, colorless liquid, having a pungent, suffocating odor. It does not 
redden litmus, even when it is dissolved in water or alcohol Very inflam- 
mable, it bums with a blue flame. It mises in all proportions with water, 
alcohol, and ether. It dissolves sulphur and phosphorus, also iodine, 
forming a brown solution. 

Aldehyde poasesses very energetic ana'sthetic power. Three to five 
cubic centimetres (thii-ty-eix to sixty grains) injected in watery solution 
into the veins of a medium-sized dog produce almost immediate insensi- 
bility and an.'est of respiration. Small quantities of the vapor accelerate 
the respiratory movements, while large doses arrest them. The action of 
the heart is not proportionately disturbed. Death is preceded by dilata- 
tion of tlie pupils. From moderate inliolation of the vajior, recovery is 
rapid, without vomiting or other disagreeable symptoms. Administered 
to human beings, anccsthesia is produced in about two minutes ; but 
the irritation of the air-paasagcs, and the persistent sense of constriction 
about the chest, with a marked tendency to respiratory arrest, which ac- 
company its use, have marked aldehyde as a disagreeable and dangerous 
aneeatbetic. 




rOKtUO ETHEB. 

ACETONE— C,H.O. 

Dimethyl Ketone. 

Specific gmvih-, 0.814 at 0°. 
Boiling-point, '56. 3° (133.3° F.). 

Vapor density, 2.0025. 

Acetone is a limpid, very mobile liquid, posaessing an agreeable odor, 
and a biting taste like that of peppermint. It is very inflammable, and 
bums with a white flame, without smoke. It mixes in all proportlona with 
water, alw)hol, ether, and many compound ethers. It does not dissolve 
potash or chloride of calcium. It dissolves many camphors, fata and resins. 

Acetone may be prepared by various processes. It may be obtained 
by pausing the vapor of acetic acid through a red-hot tube ; or by heating 
gum, sugar, tartaric acid, and other vegetable substances in contact with 
lime, it may be obtained perfectly pure by distillation at a moderate tem- 
perature from borinm acetate or calcium acetate (Watta). 

Acetone was oi'iginally used for the rehef of chronic pulmonary affec- 
tions. Sir James Y. Simpson found that inhalation of its vnpor produced 
dyspndca and irritation of the air passages. Though possessing in some 
degree soporific quahties, the disadvantAges which accompany its tase are 
too considerable to admit of its employment. Administered to frogs by 
tlie Committee of the British Medical Association, it produced only a slight 
degree of anioethesia. 



FORMIC BTHER-C.H.O,=C,H,CHO.. 

£fkylic formiate, E. ; AfSher furmicwi, L, ; ^herjormiqun, Fr. ; Amemnd- 
ther O. 



Boiling-point, 54.0" (130.2° '. 
Vapor density, 2.593. 

Formic ether is a tliin, transparent, and colorless liquid, having a sti-ong, 
agreeable odor like that of peach-kernels, and a strongly aromatic taste. 
It bums with a blue flame, yellow at the edges. It dissolves in nine parts 
of water at 18° (04.4° F.) ; absorbs moisture quickly from the air, and is 
alowly decomposed thereby into alcohol and formic acid ; it must, there- 
fore, be kept over calcium chloride. 

This ether, isomeiic with projiionic acid and acetate of methyl, was dis- 
covered by AfzeUus of Upsal, in 1877. It is obtained by distilling alcohol 
with strong formic acid, or formiate of sodium and sulphimc acid, and by 
the decomposition of oxalic ether (Watts), 

Byausoii, who experimented upon the lower animals with this prepara- 
tion, tfupposed that it was det^omposed in the blood, by the alkaline consti- 
tuonta of that fluid, into alcohol and alkaUne formiate«. Inhalation of its 
vajKir lowore the temperature aa much as 3.5° (5,4" F.), causes muscular 
relaxation and amestheata, nith some degree uE as])hyxia. Ita effects resem- 



AKTIFICIAL AN.£8THESIA AKD AN!^»THKnC9. 

l)Ie thoge produced by cliloral liydrate rather than the effects of an eUie& I 
Upon the human subject the uae of sis or eight ^Tammee (one drachm and 1 
a half to two drachms) only caused drowsiness, without any other Bympton. ] 




ACETIC ETHER— C.H,0.=C^,C,H,0,. 

jfklier aceliciig, L. ; Ethylic acetate. Ethyl acetate, E. ; Aher aciliqtie, Fr. ; 
Essigalher, G. 

Specific gravity, 0.91046 at 0° (32° R). 
Boiling-point, 74.3° {1«C.7 F.). 
Vapor density, 3.06. 

Acetic ether is a colorless liquid, having a pleasant ethereal odor, a cool 
aromatic tjiste, and a neutral i-eactiou. It bums with a yellowish flame, 
giving off the odor of acetic acid, and leaving that acid in the liquid state. 
It dissolves in eleven or twelve poi-ts of water at ordinary temperatures, and 
in all proportions of alcohol and ether. Acetic ether was discovered by 
lAuragais in 1769. It may be prepared by heating alcohol with acetic 
Hcid, or with an acetat« and strong sulphuric acid, or by distilling ethyl- 
sulphate of calcium or potassium with glacial acetic acid (Watts). 

Acetic ether has the advantage over sulphuric ether in beiug less in- 
flammable. The experiments of H. C. Wood indicate that it has the power 
to produce complete amesthesia in pigeons and rabbits with less struggling 
thfm when sulphuric ether is used. Kappeler has recordetl a numl»r of 
cases in wluch this variety of ether wnx administered to man. The esperi- 
euce of Tracy was entirely opposed to its employment, and Sigmund and 
Bouisson found it less agreeable and efficient than sulphuric ether. 

The death of animals which are killed witli acetic ether is preceded by 
diminution of temperature, dilatation of the pupils, arrest of reepiratian, 
and cessation of the circulation. The results of post-mortem inspection 
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and cessation of the circulabon. The results of post-mortem inspecbon ^H 
are purely negative. ^| 

k NITROUS ETHER~C,H.NO,. ^t 

ElKylic nitrite. K; Sther nitrique, Fr.; SaJjxleriither, G. ^^M 

Specific grarity, 0.947. ^^^^^H 

BoiUng-point, 18" (64.4° F.). ^^^^^1 

Vapor density, 2.627. ^^^^^H 

This ether was first observed by Rtunkel in 1(581 ; but ita compodtion 
was first exactly determined by Dumas and Boullay. The safest method 
of preparing it consists in tlie distillation with starcli, or sugar, or with 
copper turnings of equal volumes of alcohol (sp. gr. 0.83) and nitric acid 
(sp. gr., 1.3G). The acid should be gradually added, and as the reaction 
is liable to become very violent, no external heat should be applied after the 
process has once commenced. The vapors which are evolved contain hy- 
drocyanic acid ; they should be transmitted through a washing-bottle con- 
taining water, then through a long bent tube filled with calcic chloride, 
and finally should be condensed in a finsk cooled with ice (Miller). 

Ethylic nitrite is a yellomah liquid, baring an agreeable odor like thai ^_ 
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of apples. It mixes in all proportions with alcohol, but requires forty- 
eight parts of water for the solution of one port of ether. It is ensily de- 
composed, esjiecially in contact with water, giving off nitric oxide, and 
often bursting the container (Wattsl. 

A solution of etbylio nitrite in alcohol constitutes the sweet spirita of 
nitre which are so popular in medical practice. 

Ethylic nitrite was tested by the Committee of the British Medical As- 
sociation. They affirm that it produced " ^freat excitement and couvul- 
sions, almost immediately followed by cessation of respiration." 

MTTBIC ETHER— C,H,NO.. 

Ethylic nitrate, R; tlher tuotifiue, Fr.; ^fMylrtilral, Q. 

Specific gravity, 1.112 at 17° (62.6" F). 

Boiliug-poiut. 85° (185° F.). 

Vapor density, 3.09i at SK)" (194° F.). 

Etliyhc nitrate is a colorless liquid, of an agreeable odor, and a taste at 
first Tery sweet, but followed by a bitterisli aftertaste. It is insoluble in 
water, but mixes in all proportions with alcohol and ether. It bums with 
a white fiame ; its vapor, if heated above the boiluig-point, ei:plode8 vio- 
lently on the approach of a Ught (Watts). 

Ethyhc nitrate may be formed, after the method of Millon, by gently 
beating together one volume of nitric acid (sp. gr., 1.40) and two volumes 
of alcohol (sp. gr,, 0.842) with a small quantity of nitrate of urea, added 
to prevent the formation of nitrous acid. The entire quantity of the mix- 
ture should not exceed one hundred and fifty cubic centimetres (four to 
fire ouuceu). The receiver should be changed as soon as the alcohol which 
first comes over is followed by nitric ether, and the distillation should be 
stopped as soon as the residue is reduceil t^ one-third of the original mix- 
ture. The ether thus obtained is washed with aqueous potash, and after- 
ward with water, then, after contact for two days with calcium chloride, 
it should be decanted and rectified. 

Sir J. Y. Simpson found tliat the inhalation of the vapor of fifty or sixty 
drops of this ether was sufficient to pi-oduce a very speedy anFusthesio. The 
subsequent headaches and disagreeable after-effects were of so serious a 
character aa to condemn it as on agent for the induction of anffitbesio. 

AMYUG NTTHITE— C,H„NO,. 

Amyluni nilrosum, L. ; Amijlii-nUrou* ether. Nitrite u/ amyl, E. ; AiotUff 
d'amyle, F, ; AmylnitrU, G, 

Specific gravity-, 0.877. 
BoiUng-point, 96° (ms" F,). 

Amylio nitrite, or nitiite of amyl, was discovered in 1844 by the French 
chemist, Bolord, but was first brought into notice by Guthrie, in 1859. 
Since then it has been made a subject of investigation by Richardson, 
1863-4 and 1870 ; by Butherford. Gamgee and Brunton, 1869 : H. C. WoikI, 
1871; Pick, 1873 ; Lodendort 1874 ; Bounieville, 1875 ; and also at various 
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times by HoSiaauii, Enlenberg and Quttmonu, Filehne, Urbantachich, 
Amezdroz, tui<l othera It ih a clear, colorless liquid, which after long 
atauding upon ihe shelf of the apothecary m&y acquire a elightly yeUow 
tinge. It has a peculiar, though not diBagreeable odor, suggestive of 
apfles and bananas. Its specific gravity is 0.877, and it boils without de- 
composition at 96° {205" F.). Almoat wholly inBoluble in wat«r, it dja- 
Bolvea readily in alcohol and ether. If it be added, drop by drop, to caustic 
potossa heated to fusion, valerianate of potoasiuin will be formeil. frequently 
with the production, of flame. It may be considered pure if its physical 
properties agree with the above, and liie boiling-point does aot rise above 
lOO'' (MaiBch). 

AmyUc nitrite is prepared by heating purified amylic alcohol with an 
equal quantity of nitiic acid. 

Dr. B, W. Richardson, in his report to the British Association for the 
Advancement of Science, stated that amyUc nitrite is absorbed by the 
bodies of animals, however introduced. Its first eSect is noted upon the 
circulatory apparatus — the heart beats violently, the smaller vessels are 
widely dilated. This powerful excitement of the circulation is succeeded 
by diminution of the cardiac energy and conti»cUon of the t«muaal ves- 
sels. Frogs exposed to the vapor of amylic nitrite pass into a state of 
suspended animation from which they very slowly recover after removal of 
the stupefying agent. In warm-blooded animals the movements of respi- 
ration and of circulation may be so reduced by the nitrite of amyl, that 
they shall pass into a condition closely resembling the state of trance in 
the human subject The effects of the substance are most conspicuous 
upon the motor apparatus of the body — especially u)wn the vascular motor 
apparatus. Its effects on the power of sensation are not as early apparent, 
hence the substance is often considered to be destitute of ana^tJietic prop* 
erties. Coneciousness, however, may disappear before death from its ua& 
Its action is directly addressed to the molecular constituents of the body, 
affecting the movements of oxygen in a manner quite analogotis to the ac- 
tion of chloroform or ether. Upon the nervous system its effects are pro- 
gressive from the periphery toward the centre. 

The experiments of Dr. Bnuiton, led him to the belief that amylic nitiato 
diminishes the blood-pressure by a local effect upon the walls of tii» 
smaller arteries. 

H. C. Wood, of Philadelphia, showed that amylic nitrito diminiahes 
motor energj', and reflex excitability. The sensory functions are also de- 
pressed, though not ahohshed until near death. The same thing is true 
of consciousness. Blood-pressure is diminished by paralysis of the walls 
of the vessels, and by a directly depressing effect upon tlie heart itself. 
The blood itself assumes a peculiar brownish hue throughout the body. 
The temperature falls — in one case as much as O.fiS" (12° F.) without the 
occurrence of death. Ladendorf found that in man the temperature waa 
elevated by the action of amyl nitrite. Among thirty-four cases under ob- 
servation, the smallest increase was 0.1" the greatest increase was 1.88" 
<3.38° F.), and the mean was 0.39° (0.7" F.). 

Boumeville found the temperature of i-abbits invariably lowered— Bome- 
times as much as 2° (3.6° F.). The cause of this disci-epancy between the 
effeuts upon man and the lower animals, is undoubtedly due to the smaller 
relative dose administered to the human subject 

The eflects of amyUc nitiito, hke that of all other similar substances, 
are generalized throughout the system. Local effect* and general effects 
concur, bo that it is sometimes diiflcult to assign each particular symptom 
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to an exclusive change in either the central or the peripheral u 
tern. It is certain, however, that amylic nitrite is a depressing agent, and 
that tbe symptoms of excitement vrhich follow its use are secondary conse- 
quences of an increased supply of blood to the nervous centres, lliis sub- 
ject has been eo fidly discussed in connection with the general theory of 
amesUiesia, that it need not be here reviewed. 

For purposes of inhalation three or four drops of the liquid may be al- 
lowed to evaporate from a handkerchief, placed about one inch from the 
face. Intense redness of the skin of the face, and even of the neck and 
tipper portion of the body, is almost immediately produced. A sensatioD 
of general warmth is now experienced, with a feeluig of fulness or dizzl- 
nese about the head. The heart beats violently, and the rat« of the pulse 
is accelerated. Arterial tension and the noi-mal dicrotiam of the pidse are 
at first greatly diminished, but are increased as the primary ell'ect passea 
of^ as may be discovered by examination of the following sphygmograms, 
taken from the radial artery of a vigorous young man, 2'i years of age, and 
weighing 160 lbs. : 



f 



Na 1.— August 9, 1880. 



K>e vapor of five drops of amyl nitrite 
kerchief, with the following result : 



Normal pulse, 84 per minute. 

' inhaled from i 



No. 2. — Four drops more were now added to the original five, and the 
tracings were taken at intervals of half a minute till tbe end of the eiperi- 



No. 3. — Pulse conaiderably accelerated. Quahty improved. 



1 Na*. 



Na 4.— Feels giddy. Face flushed. Pulse, 132. 
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804 AKTIPICIAL AK-asTHEMA AWD AWJSTHKTICS. ^^^ 
No. 5.-FeelB very giddy. ■ 
No. 6.— Can (eel the heart throbbiDg in the chest. 

No. 7.— 1 
No. 8.— Pulse 72. 

No. 10.- ■ 
No. U- ■ 

No, 12. — The pntieDt feeling perfectly naturul again, the esperinieMi^| 

was discontiuueil. _^H 
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The abore tracings indicate a lesser ile^ree of Toso-motor paresis than 
is produced by chloroform. The shnrpaesa of the graphic cones, and the 
speedy return of dicrotism, indicate the action of something more than 
mere elasticity of the vascular walls. Gospey, of Heidelberg (Med. Record, 
February 28, 1880), has shown by his experiments on curarized frogs that 
amylic nitrite affects both the arterial and the venous system. The dilata- 
tion of the vessels amounts to about one-third of the original diameter. 
The rapidity of the blood -curr€ait is at first somewhat accelerated, but it 
soon falls back to the normal point. In the web of the foot, dilatation is 
not BO marked as in the tongue, and the blood-current, which is at tii-st 
taore rapid, becomes slower, and sometimes ceases altogether. VeHselsthat 
hare been divided and have ceased to bleed, begin again to discharge blood 
when amyl is inhaled. The migration of white blood-corpuscles is not 
affected by the inhalation. 

The stimulation of the circulation which thus occurs is not a permanent 
effect, but is analogous to the early effect of other anwsthetios ujwu the 
heart and blood-vesselB. 

Delicate and susceptible persons may sometimes become unconscious, 
or may fall into a condition of syncope as a consequence of iuhahttion of 
amylic nitrite. It is not an uncommon thing to notice the occurrence of 
cough and of a prickling, disagreeable sensation in the fauces. The res- 
piration is hurried and somewhat irregular. 

I have not found any record of death from the use of amylic nitrite, but 
there ia no reason why it should not produce a fatal result if employed in 
sufficient quantity. Animals can be kdled by its use. Death may be pre- 
ceded by convulsions. The action of the kidneys may also be increased, 
and Hoffinann has discovered as much as two per cent, of sugar in the urine 
of rabbits. 

The therapeutical employment of amylic nitrite is indicat*d in those dis- 
eases which are characterized by the existence of a spasmodic or exces- 
sively tonic controetion of the arterial muscular coata in any part of the body. 
For this reason it is exceedingly useful in the angiospastic variety of hemi- 
crania, marked by pallor and coldness of the surfaces of the bead and face, 
with contraction of the retinal arteries. A person in this condition, who 
is nearly unconscious with agony, may be almost instantaneously reheved 
by inhi^tion of the vapor of a few droits of omyhc nitrite. Cases of an- 
gina pectoris, especially those in which the radial artery on the affected 
Bide ia notably smaller than the other during the paroxysm, may be re- 
lieved in a similar manner. Numerous illustrations of this fact have been 
published in the medical journals. But the pain of angina pectoris is not 
always thus suppressed — a fact which becomes perfectly intelligible if we 
accept the hypothesis of Poincarc, that there are two varieties of the dis- 
ease, one in which the sympathetic nerves and the vaso-motor apparatus 
ore chiedy involved, and another in which the pneumogastric nerves are 
priscipally concerned. 

The jjoroxysm of epilepsy may very often be averted by the timely in- 
halation of the vapor of amylic nitrite. In lunatic asylums its employment 
by the attendants may serve to diminish the severity and the frequency of 
paroxysms among the epileptic insane. The coses in which the drug ta 
most useful belong to the class of cases that are preceded by an aura of 
considerable dtiration. Immediate inhalation at the commencement of the 
aura will usually break up the attack For this purpose such persons may 
be provided with a small Wal containing a pledget of lint that has been 
moistened with a few ilrops of the liquid, or he may carry in hia pocket a 
20 
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little glBBB-pearl containiog two or three drops, which may he instanl 
cruabed iu u Imudkerchief at the first warning of an. umniuent attaclc. 

Tetwuua, triBmus, Deonatoruin, infantile coD^'^]8iou8, hjBterical conTut 
(dons, puerperal con vulaionB, hiccough, whooping-cough, spasmodic astLnia) 
blephiu'osiiusin, certain foratu of tinnitus auxium, and other diseases of ft 
spasmodic character, have been benefited by the drug. It certainly is 4 
potent agent for tlie control of the spasmodic phenomena, though b^' no 
means always efficacious iu the relief of the disease by which they may hava 
been produced. 

For the rehef of dyamenorrhoaa this remedy has been highly recom- 
mended by Dr. Klary 1'. Jacobi. Her method consists in the administra- 
tion of ordinary doses of belladonna for a week or ten days before the men- 
strual epoch. The commencement of pain is the signal for inhalation of 
tlte nitrite of amyl. 

It is also useful in cases of insomnia and melancholia that are depend- 
ent upon an aniemic condition of the brain. 

Lead colic is frequently relieved at once by its use. 

It has been highly recommended as a remedy for sea-sickness, but, lik« 
chloroform and oUier similar agents, it often fails to give rehef. 

One of the most important of the qualities by which amyUc nitrite ia 
entitled to a high posidon among the materia medica, consist in its sup- 
posed efficacy as an antidote to chloroform in cases of impending death 
during the inhalation of the vapor of that aniesthetic. Its powerfully ei- 
eiting effect upon the heart, and the dilatation of the cerebi-al vessels that 
follows its use, ser^-e to counteract the depressing effects of chloroform upon 
tlie circulutinm. Consequently, a few inspirations of its vapor are usually 
sufficient to arrest the progress of syncope, and the patient is thus resusci- 
tated. If respiration ceases, it con no longer reach the blood through the 
lungs, and it should be hypodermically injected. Great caution should be 
exhibited in its use under such circumstances, for the remedy itself is a 
depressing poison, and the addition of its effects to those of chloroform 
may veiy easily become doubly disastrous. In fact, it is not unlikely that 
in eeitain fatal cases of chloroform-inhalation, death has been rendered 
more thoroughly inevitable by the use of amylic nitrite. But in cases 
where the patient ia not actually dead— where respiration continues, and 
only on extreme pallor and a failure of the pulse indicate danger, the cau- 
tious exhibition of this remedy may become very advantageous. 

When the condition of the patient during chloroform -poisoning ia, 
thei'efore. such that artificial respiration and re£ex excitants are power- 
less to renew the phenomena of life, amyhc nitrite will prove to be an in- 
effectual remedy. It ivill probably act as a positive souice of danger, 
adding its o%»"n depressing energies to those of the chloroform that has al- 
ready been absorbed. But when the dangers pi-esent are primarily de- 
pendent upon a feeble and insufficient circulation of the blood, judicious 
administration of the amyho vapor will be very usefuL Tumbuli has col- 
lected several cases that illustrate this proposition in a very Interesting 
manner. 

During the last three or four years, a few physicians have experimented 
with a mixture of amylic nitrite and chloroform, in the hope of thus pro- 
eiuing a greater degree of safety thau with chloroform alone. Dr. L. R 
Bolliet ivos in the habit of adding sixteen drops of amylic nitrite to each 
ounce of chloroform. In Thf it<^iciii Htvord, October 5, 1878, Dr. George 
E. Sauforxl has recorded his experience with a similar mixture. He mixes 7 
grammes ( Z ij) of amylic nitrite with 0.153 kilogr. (one pound) of 
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form, imd administers ita vapor in tlie usual way. By Has meiihod the ac- 
tion of the heart is sustained, and the arteries remain distended with 
blood. The countenance of the patient becomes flushed, and has none of 
the desidly paleness often observed during the inhalation of uumint;led 
chloroform vapor. 

For brief operations requiring the use of chloroform, the employment 
of a mixture like tiie above, if freshly prepared and frequently shaken, 
may have some advantages over the exhibition of chloroform alone, espe- 
cially if the circulation is enfeebled. But the very considerable difference 
between the specific gravities of the two liquids — l.i99 and 0.877 — must 
render their permanent mistiu-e quite out of the question. The long con- 
tinued inhalation of amyhc nitrite which would be necessitated by the em- 
ployment of the mixture in any protracted operation would be likely to 
exert a more depressing effect than the inhalation of chloroform vapor 
alone. Such fl j/riori considerations, however, cannot be said to have yet 
beet) tested by any sufficient array of experiments. 
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NITROGEN.— N. 

Nitrogmum. L.; Azote, Fr.; StickOoff, G. 
Specific gravity, 0.9713. 



Nitrogen is a colorless, tnsteless, odorless gat<, which imtil recently has 
resisted ^ attempts at Uquefaction. It ia neither inflammable nor n sup- 
porter of combustion. Its reaction is neither acid nor alkaline. At 0° 
(32" F.) 100 volumes of water dissolve 2.03 volumes of nitrogen. At a 
higher temperature the quantity diminishes. 

Nitrogen exists in the atmosphere, mixed with oxygen, for which it 
Bcrves as a diluent. Otherwise it appears to be the type of an inert sub- 
stance. It may be readily inhaled in an undiluted form, with the produc- 
tion of only such consequences as result from the exclusion of oxygen. It 
thus produces simple, uncomphcated asphj'xia. It, therefore, cannot be 
considered as an omesthetic substance — the insensibihty which follows its 
inhalation being merely one of the prehminaries of deatii by asphyxia. 
Burden Sanderson, Murray, and Turner (BrU. Med. Jour., June 13. 18()8) 
have, however, experimented with the gas. Its primary eftect was an accel- 
eration of the movements of respiration and circulation. Bespiration was 
then retarded and labored, wliUe the pulse became slow and irregular. 
The pupils, which had been dilated, now became contracted. The counte- 
nance was pallid, and there was no appearance of cyonoais. Continued in- 
halation occasioned a renewed acceleration of the pulse, accompanied 
by retardation of respiration, and the estabhshment of a degree of inaeD- 
sibiU^ suflicient for the painless extraction of a tootL 
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[t, nrfiorieas gaa, with a faint Hweetiah smeB • 
n, one himdred volumes of water at 0' 
liurtT Tolumes of the gaa ; at 15° (59" F.), 
wA 24" (75' F.J only sLrty volumee. For thia 
orer wann vrater. A pressure of &tty atmos- 
it to a colorless liqmd, which resumes the 
|>ijAjuEs is removed. It maj be frozen into a 
I01''(— 150°F.). By mixing hquid nitrous oxida 
' exposiitg the mixture to evaporation in vacuo, 
tore to-liO" (-220'= F.). The gaa is 
_ Add nor alkaline (Miller). like oxygen, 

■ tt* po««r of raBghting a candle plujigeil into a jar of the gas, 
tt» vji^ ia atiO incandescent. An ignited piece of charcoal, a 
of solphur, or a bit of phosphoruB, wiU bum with a 
i> tba gas, a circumstance which would verj- naturallv lead 
"* ' it is an excellent supporter of combustion ; but the 
to be a decomposition of the gas by the heat of the 
Roonding the burning body with an atmosphere of 
^ _ i" which the oxygen exists in about double tiie quan- 

tilpvf Ik* V Xj m m in an equal quantity of atmospheric air. 

'^ ~kl 11iB>0^ of procuring the gaa are described by chemists. The 

^ • i* «M»Oy stored in an ordinary chemical gas-holder, of a size 

r** IwM one hundred gnllons or more. Or it may be led into a 

mtus, and liquefied for the purpose of storage In strong 

1 of a portable form. In this state it occupies verj' little 

,, Ik be kept for an indefinite period of time. It thus forms a 

HMM« MHllMUWtl article for use by the dentist than when stored in the gas- 
VMM atat*. Hr thi< dental manu^turera it is furnished, with a complete 
mri y*! rt«wl«cling tubes and rubber gas-bags of a convecient size. When 
« iftMMtily i>f the gAs is needed for inhalation, the rubber-bag is attached 
tiy ■ M'tilJiUK to Uit> orifice of the cylinder, and a turn of the stop-cock re- 
t^xv* U)« |uv>c*ur« tinder which the liquid has been preserved. It imme- 
iluttv^v iNn^iMNi in tlie gaseous state into the bag, which is thus easily 
i^HUV^l f*^' *'***' ^ '^ method is avoided the loss of gas by solution in 
i\w whIi>i' kkf A gttK-liolder, and also the deterioration of the gas which always 
h>i).iWM Ita jirtwcrvatiou over a tank of water. 

Mir Uvkut|iliry I>hvv, during bis residence as assistant to Dr. Beddoes 
tti l|iu I'ltKiiiiiittic ItiHtitution at Clifton, first observed the annsthetic prop- 
v^^lv<^ «>( tiit«>iui o.vide. lt« exhilarating effects, however, chiefly engrossed 
tlu Kitwittttu) »>f oheuiiHts. Inhalation of the gas, mingled with more or 
B(««l>l»>no air, formed n favorite metliod of diversion in the chemical 
~ ■ » of thi' world, but its i^wer of producing c — "''^" = ' 
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bilitj to pain was overlooked until Horace Wells, the Htulford deutiBt, uo- 
ticed its anteBthetic effects upon those who inhaled it for amusement. Ex- 
perimenting upon himuelf, he had one of his own t«etli extracted without 
pain while under the influence of the gas. But his discovery was for 
a time overlooked during the excitement created by the discovery of the 
aneesthetic property of ether. It, however, was not forgotten ; and by the 
Colton Association in New Xork, and by Dr. Thomas, of Philadelphia, its use 
as a means of destroying the pain of tooth extraction was popularized to 
an astonishing degree. It has been occasionally employed in brief surgical 
operations, but its general use is ahiiost monopohzed by the members of 
the dental profession. It still remains /xir excellence the deutkl anicsthetic. 
The history of the manner in which nitrous oxide was reintroduced as 
an ansesthetic is not without interest After the death of Horace Wells, 
January 24, 18i8, the use of the gas in dentistry was ahnost forgotten, until 
in the month of June, 1863, the peripatetic chemical lecturer, Colton — the 
same man who had by his experiments inspired Wells with the idea of 
dental anii'stheuiu by the aid of nitrous oxide — found himself in New 
Haven, Conn., but a short distance from the scene of his experience with 
Wells. Before repeating the administration of the gas, he pre£iced bia lec- 
ture with a narrative of the events which had led to the discovery of the 
ameathetic properties of nitrous oxide. In the course of this statement he 
casually remarked that for many years he had not been able to find a den- 
tist who was wUling to make trial of this method for the production of 
amesthesia. At the cloue of his Icctiure, a dentist, named Smith, accosted 
Dr. Colton, expressing his willingness to attempt the employment of nitrous 
oxide in the extraction of teeth, provided the doctor would administer the 
gas and would assume all responsibility for its use. To this proposition 
Colton readily consented, and immediately turned to his audience with the 
announcement that at a given time he would commence the administration 
of the gas, at the ofhce of Dr. Bmith, for the painless extraction of teeth. 
So successful was the experiment, that in less tlian three weeks Messrs. 
Colton and Smith had removed three thousand teeth from the mouths of 
the citizens of New Haven. Encouraged by this success, Colton proceeded 
to New York, and, in connection with a number of promin^t dentists, 
there opened an office for the extraction of teeth. This establishment 
became widely known as the Colton Dental Association, and it was soon 
imitated in the other principal cities of the United States. On February 
4, 1S64, the registration of each case was commenced, nud this practice 
has been continued ever since. Dr. Colton states that among all the pa- 
tients not a single death has occurred, nor any accident of sufficient im- 
portance to necessitate the use of a carriage in order to get the sufferer to 
iiis home. The following note gives his own personal experience 

Coi.Tos Dentai. Association, Ifi Coopan I.nhtitute. 

New Yokk, March U, 1881. 
Paor. Hknrt VL Lvman; 

Dbab Sill— -Wb ooiDDienoed tha an of the nitrooa oxide gfwi on the l.^th «( July, 
1868, ud on the 4th of the following Febniar; we began to t«ke the autograph si^;. 
uttures of ull oar patieata □□ a ftorotl, nambering them on tha margin. The praiienC 
Boroll number ia one hundred and tweaty-one thoneiuid sevea bondred and Dine 
(121,709). We have never hod a fatal case, oracase of BetiouHJll eSeoUfrom thegaa. 
Very respoottnUy, O. Q. CoLTON. 

The physiological action of nitrous oxide gas has been carefully Investi- 
gated by Hermann (1864-G5) ; Jolyet and Blanche {An-hio. de Physiologic, 
p. 364, 1873) ; Goltstein and Zuntz (PfiUger'e Archio., Bd. 17, 1 u. 2, Heft 
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1S78, B. 135); Krialiober (Butl.de la Soc. Med. de I'Elyste, 18GG) ; by the 
Cuuimittee of tbe Odoiitolopicnl Society (^feJ.^. Times, Janumy IC, 1869) ; by 
Dr. Evans, of Paris (BrU. Med. Jour., July 25. 1874) ; Holden (Am. Jour, 
of Med. Sd., July, 1870); B. W. Richardaon ; Dth. J. H. McQuillen, Thomas, 
nud Tumbull, of Philadelphia ; R. Amory, ot Boston (N. Y. Med. Jour., 
August, 1870) ; Paul Bert, of Paris ; a Committee of the British Medical 
Association (Brit. Med. Jour., January 4, 1879) ; and by uumerous other 
physiologists. 

When aiierial blood is acted upon outside of the body by the gas, it be- 
comes dark in color. Dr. TumbuU found that the blood-corpuscles did 
not exhibit any visible change after respiration of the gas. Frogs and rab- 
bits were placed in receivers filled with uiti-ous oxide until tliey exhibited 
its stupe^-ing effect Their blood, however, exhibited no clmnge in the 
shape or in the integrity of the red corpuscles. Jolyet and Blanche found 
that seeds placed under otherwise favorable conditions would not germinate 
in an atmosphere of nitrous oxide. It was observed that other seeds, which 
had already sprouted, ceased to grow when placed in such an atmosphere, 
and again resumed their development when returned into the atmospheric 
air. The exhalation of carbonic acid gas by living plants was arrested when 
immersed in nitrous oxide. By these experiments it was proved that tha 
respiration of plants could not be sustained by this gas. 

Frogs placed in jare containing nitrous oxide died after two hours' im- 
mersion in the gaa Similar animals placed in hydrogen, nitrogen, or car- 
bonic oxide, continued to hve for two or tliree hours before exhibiting signs 
of stupor and death. Carbonic acid gas proved quickly fatal A sparrow 
placed in twenty-five litres of nitrous oxide died in half a minute. Inspi- 
ration of the gas proved fatal to a guinea-pig in two minutes and a halt, 
A rabbit died in tbe same way after breathing the pure gas for tivo minutes 
and twenty-four seconds. From these experiments, MM. Jolyetond Blanche 
concluded that pure nitrous oxide gas is not capable of sustaining animal 
life. They also concluded that sensibility to pain persisted in the animals 
ujion which they experimented until the establishment of aspbj-xia. By 
causing frogs to inhale nitrous oxide and oxygen, in such proportions 
that the mi;(ture contained about one-fifth of oxygen, no apparent effects 
were produced. A sparrow was placed under a bell-jar containing air, and 
another was in like manner placed under a jar wluch contained nitrous 
oxide and oxygen, mixed in the same proportion that oxygen and nitrogen 
occupy in the atmosphere. At the end of an hour and forty minutes both 
birds exhibited signs of dyspnoea. TTnlf an hour later they were alike pant- 
ing for breath, and they both died shortly after. The remaining air in the 
air-filled jar contained eleven per cent, of cai'bonic acid gas and six per cent 
of oxygen. The other jar contained twelve per cent, of carbonic acid gaa 
and five and eight-tenths per cent of oxygen. Similar experiments with 
other animals gave similar results, showing that the two mixtures were 
equally respirable, and that death without previous amcstbesia ensued in 
each after the exhaustion of a certain quantity of the oxygen. 

A series of experiments was then instituted upon a dog, f^^ ascertain ths 
quantity of oxygen in the blood after respiration of different gaseous mix- 
tures. After breathing one himdred cubic centimetres of pure air, thft 
arterial blood contained ; 
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Carbonic acid gas 48.8 per cent. 

Oxygen 21.0 

Nitrogen 2.0 " 




The dog was then made to inspire, from a bag, fifty litres of a mizture 
containing sixty-two per cent, of nitrous oxide gas, twenty-one per cent, of 
oxygen, and seventeen per cent, of nitrogen. After seven minutes and a 
half, the animal vras stiU sensitive to contact witli the conjunctiva and to 
pinching the toes. The arterial blood then yielded : 

Carbonic acid gas 46.0 per cent 

Oxygen 19.7 " 

Nitrous oxide 29.0 " 

Nitrogen 0.3 

After resting for half an hour, the same dog inhaled pure nitrous oxide 
for one minute and forty-five seconds. This produced dyspntea, but not 
anseethesia. His blood yielded : 

Carbonic acid gas 37.0 per cent. 

Oxygen 5.2 " 

Nitrousoxide 28.1 " 

Nitrogen 0.7 

Another dog treated in the same way became insensible after three 
minutes. The blood from his arteries then gave : 

Carbonic acid gas 36.6 per cent. 

Oxygen 3.3 " 

Nitrous oxide 34.6 " 

A third dog became insensible to electrical excitement of the sciatic 
nerve at the end of four minutes. In his blood {arterial) was found: 

Carbonic acid gas. 34.00 per cent. 

Oxjgen 0.06 " 

Nitrous oxide 37.00 

The experiments of Paul Bert have shown that when the oxygen of the 
arterial blood falls to two or three per cent, the animiJ begins to exhibit 
signs of aunisthesia. Hence it seems that these experiments indicate au 
absence of oxygen rather than the presence of nitrous oxide as the real 
cause of such auiethesia as was observed. 

This conclusion would leave Dttrous oxide in the position of a gns tliat 
is destitute of positive qualities. Its stupe^ing properties would be 
purely negative and <lepen4ent upon its exclusion of oxygen from the blood. 
Tliat it does actually possess positive energy seems, however, to be indi- 
cated by the exhilaration that is produced by inhalation of a certain pro- 
portion of the gas. The experiments of Goltstein (" Kappeler : Anaesthetics a, " 
p. 194) show that frogs placed in pure nitrous oxide lose their reflex pnw- 
ers in a few minutes, while an immersion in hydrogen is not followed by 
such a result for several hours. Mammalian animals sufibcated with ni- 
trous oxide experience less desire for respiration than if an indifferent gas, 
like nitrogen, is employed. Convulsions are almost unknown during the 
use of nitrous oxide, but are almost uniformly present during the asphyxia 
that is occasioned by other suBTocative gases. 

The effects that follow the respiration of nitrous oxide differ from tlie 
consequences of inhaling a mixture of the gas with atmospheric air. The 
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uuxed ga£G8 produce a feeliug of exhilaration, with humming souoda in tbs 
ears, and a subjective sensiition of warmth and hghtness, as if oD« could 
leap and fl; into the air. There is a disposition to irregular and excessiv^i 
movement, and a diminution of tactile aensibilitj, together with a loss of 
aenaihility to painful impressionB. The patient laughs and ahoute, bat 
does not lose hia consciousness. The pulse is somewhat excited, the eye* 
are injected, and the pupils dilate. Very rarely convulsions occnr. 

When the patient is made to inhale the undiluted gEis, the phenomeoft 
of exhilaration do not appear until the cessation of inhalation permits a di- 
lution of the gas already in the blood. Then laughter and eome degree of 
excitement may be manifeBted. The early effects of inhalation are often 
marked by a sensation of dyspncea. The pulse becomes rapid and feeble; 
the countenance becomes h\-id ; the lips and mucous iDembrane assume a 
ghastly purplish hue. Unconsciousness speedily supervenes. The recov- 
ery of the patient is exceedingly rapid, even after the appearance of un- 
favorable symptoms. The asphyxio phenomena promptly disappear witll 
the admission of pure air to the lungs. 

Kappeler states, that while in the majority of cases the respiration at 
nitrous oxide produces no very disagreeable sensation, it sometimes occft' 
sions very distressing feelings of constriction about the thorax. AgoiuB- 
ing dreams may disturb the serenity of the patient, and a dispositicm to 
convulsive shuddering may be observed. Sexual excitement mav be ex- 
perienced, but vomiting is of rare occurrence. Giddiness and omer dis- 
agreeable cerebral phenomena are of short duration after awaking. Antea^ 
thesia sufficient for the performance of minor operations may be reached 
after inhalation of pure nitrous oxide for fifty or sixty seconds. If air bs 
admitted at the same time into the lungs, the period of onEcstheeia Mill bs 
greatly deferred. The inhalation of pure gaa through an inhaling appara- 
tus that is perfectly adapted to the face and mouth is the only proper 
methoil. Reinhalation of the expired gas, or inhalation of gas mixed with 
the air that has been expired from the lungs, should never be practised. 

The effect of nitrous oxide upon the arterial circulation is illustrated 
by the following aphygmographic tracings. The first series was taken from 
the radial artery of a young man in fair health, age twenty-eigbt yetaa, 
weight one hundred and fif^-five pounds, who inhaled the gas July li, 
1680, for the extraction of a tooth, in the office of Dr. M. W. bherwood, 
experienced dentist, practising in this city. 



No. 1. — Just before inhalation. Pulse small, contracted. 
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No. 2.^First inspirations of the gaa 
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j^o. 3. — Slight eiliilaration. Muttered laughter. Anffisthesia commenc- 
ing. 

No, 4. — Complete auivHtheniii. Extraction of llie tooth. 

No. 5,— Inhalntion suai)en<lfil. ('oiiHcioiiHucsHr('ti;riiiii;^'. Patient laugh- 
ing. 

No. a. — ConsciouHneas fully restored. 

The second eerieu naa token in the snme office from the radial artery 
of a young man, apjiorently in gootl health, July 20, 1880, 

No. 1. — Immediately before the commencement of inhalation. 

No. 2. — Imuic3(liat('!y after the commencement of inhalation. 

Na 3. — Tmbalation progreeaing. 



